Google 


This  is  a  digital  copy  of  a  book  that  was  preserved  for  generations  on  library  shelves  before  it  was  carefully  scanned  by  Google  as  part  of  a  project 

to  make  the  world's  books  discoverable  online. 

It  has  survived  long  enough  for  the  copyright  to  expire  and  the  book  to  enter  the  public  domain.  A  public  domain  book  is  one  that  was  never  subject 

to  copyright  or  whose  legal  copyright  term  has  expired.  Whether  a  book  is  in  the  public  domain  may  vary  country  to  country.  Public  domain  books 

are  our  gateways  to  the  past,  representing  a  wealth  of  history,  culture  and  knowledge  that's  often  difficult  to  discover. 

Marks,  notations  and  other  maiginalia  present  in  the  original  volume  will  appear  in  this  file  -  a  reminder  of  this  book's  long  journey  from  the 

publisher  to  a  library  and  finally  to  you. 

Usage  guidelines 

Google  is  proud  to  partner  with  libraries  to  digitize  public  domain  materials  and  make  them  widely  accessible.  Public  domain  books  belong  to  the 
public  and  we  are  merely  their  custodians.  Nevertheless,  this  work  is  expensive,  so  in  order  to  keep  providing  tliis  resource,  we  liave  taken  steps  to 
prevent  abuse  by  commercial  parties,  including  placing  technical  restrictions  on  automated  querying. 
We  also  ask  that  you: 

+  Make  non-commercial  use  of  the  files  We  designed  Google  Book  Search  for  use  by  individuals,  and  we  request  that  you  use  these  files  for 
personal,  non-commercial  purposes. 

+  Refrain  fivm  automated  querying  Do  not  send  automated  queries  of  any  sort  to  Google's  system:  If  you  are  conducting  research  on  machine 
translation,  optical  character  recognition  or  other  areas  where  access  to  a  large  amount  of  text  is  helpful,  please  contact  us.  We  encourage  the 
use  of  public  domain  materials  for  these  purposes  and  may  be  able  to  help. 

+  Maintain  attributionTht  GoogXt  "watermark"  you  see  on  each  file  is  essential  for  in  forming  people  about  this  project  and  helping  them  find 
additional  materials  through  Google  Book  Search.  Please  do  not  remove  it. 

+  Keep  it  legal  Whatever  your  use,  remember  that  you  are  responsible  for  ensuring  that  what  you  are  doing  is  legal.  Do  not  assume  that  just 
because  we  believe  a  book  is  in  the  public  domain  for  users  in  the  United  States,  that  the  work  is  also  in  the  public  domain  for  users  in  other 
countries.  Whether  a  book  is  still  in  copyright  varies  from  country  to  country,  and  we  can't  offer  guidance  on  whether  any  specific  use  of 
any  specific  book  is  allowed.  Please  do  not  assume  that  a  book's  appearance  in  Google  Book  Search  means  it  can  be  used  in  any  manner 
anywhere  in  the  world.  Copyright  infringement  liabili^  can  be  quite  severe. 

About  Google  Book  Search 

Google's  mission  is  to  organize  the  world's  information  and  to  make  it  universally  accessible  and  useful.   Google  Book  Search  helps  readers 
discover  the  world's  books  while  helping  authors  and  publishers  reach  new  audiences.  You  can  search  through  the  full  text  of  this  book  on  the  web 

at|http: //books  .google  .com/I 


.J-  H.  Mules  M.  0, 


i&isl  Auburn 


A  TEXT -BOOK 


of 


CLINICAL  DIAGNOSIS 


BY  LABORATORY  METHODS 


FOR  THE  USB  OP 

STUDENTS.  PRACTITIONERS,  AND  LABORATORY  WORKERS 


BY 

U  NAPOLEON  ^DSTON,  AJUL,  MJ>. 

Associate  in  Medicine  and  Director  of  the  Clinical  Laboratories,  Medico- 
Chinireical  Coileee.  Philadelphia;  formerly  Bacteriologist  at  the 
Philadelphia  Hospital  and  at  the  Ayer  Clinical  Laboratory 
of  the  Pennsylvania  Hospital 


SHCOND  EDITION,  REVISHD  AND  EN- 
LARGED.   WITH    330    lELUSTRATlONS 


PHILADELPHIA  AND  LONDON 

W.    B.    SAUNDERS    AND    COMPANY 


1905 


Set  up,  electrotyj)ed,  printed,  and  copyrighted,  August,  1904.     Revised,  reprinted, 

and  recopy righted,  August,  1 90 5. 


Copyright,  1905,  by  W.  B.  Saunders  &  Company 


•  •  • 


•  • 


* 


•  k  • 


pnc««  OP 

•  AUNOCRS    A.    COMPANY 
PHILADELPHIA 


372. 


THIS  WORK  IS  RESPECTFULLY  DEDICATED  TO  THE  MEMBERS 


or   THE 


Hffodation  of  C%^^$ittnt  anb  IfUftDent  pbpitician^ 


OP   THE 


pbilabrlpbia  l^o^pical 

IN  APPRECIATION  OF  THEIR  THOROUGH  WORK  AND 
VALUABLE  CONTRIBUTIONS  TO  MEDICINE. 


^i^n/^s 


PREFACE  TO  THE  SECOND  EDITION. 


It  IS  very  gratifying  to  the  author  to  be  called  upon  to  prepare 
a  revision  of  his  book  eight  months  after  its  publication;  and 
the  favorable  reception  thus  indicated  has  added  stimulus  to  his 
effort  to  keep  this  volume  abreast  of  modern  advance. 

In  this  edition  slight  changes  and  additions  have  been  made 
throughout  the  text  and  seventeen  pages  of  new  matter,  covering 
the  more  important  advances,  have  been  added  at  the  end.  The 
additions  include,  among  other  things,  such  important  subjects 
as  Biff's  New  Hemogelometer;  Picker's  Reaction;  a  description 
(illustrated)  of  the  Leishman- Donovan  Bodies;  Ra void's  Test 
for  Albumin;  Cammidge's  Test  for  Glycerin;  Cipollino's  Test, 
etc.  The  subject  of  Cytodiagnosis  is  given  more  extended  con- 
sideration, as  practical  use  of  this  method  has  clearly  demonstrated 
its  value.  References  to  these  addenda  are  made  at  appropriate 
places  in  the  body  of  the  book. 

July,  1905. 


PREFACE. 


This  book  has  emanated  from  a  desire  to  satisfy  the  demands 
made  by  my  pupils,  and  it  has  been  prepared  to  meet  the  present 
needs  of  the  student  and  of  the  general  practitioner. 

It  is  hoped  that  the  volume  may  prove  of  practical  value, 
although  it  does  not  attempt  to  furnish  more  than  a  working 
introduction  to  the  department  of  medicine  under  discussion.  It 
is,  however,  designed  as  a  practical  guide,  and  the  methods  de- 
scribed are  such  as  can  be  carried  out  with  a  minimum  of  com- 
plicated apparatus. 

Special  attention  has  been  given  to  outlining  in  progressive 
steps  the  various  procedures  in  clinical  technic,  such  steps  being 
illustrated  whenever  possible.  Besides  the  detailed  descriptions 
of  methods  of  examination,  the  diagnostic  significance  of  the 
clinical  findings  is  given  under  sp)ecial  headings  and  is  fre- 
quently accompanied  by  tables  of  differentiation. 

In  the  chapter  on  the  blood  the  more  recent  methods  for 
examination  and  staining  are  described  and  illustrated  by  original 
drawings;  and  the  subject  of  Serum-diagnosis  is  carefully  con- 
sidered. The  protozoan  parasites  known  to  invade  the  blood  of 
the  lower  animals  are  described  in  connection  with  the  malarial 
parasite. 

In  the  chapter  on  the  urine  the  newer  methods  for  the  estima- 
tion of  sugar,  Bencc-Jones'  albumin,  uric  acid,  and  purin  have 
received  consideration,  and  the  whole  chapter  is  illustrated  by  a 
large  number  of  original  half-tones  and  colored  plates. 

An  unusual  amount  of  space  is  given  to  the  consideration  of 
Animal  Parasites,  Diseases  of  the  Skin,  Transudates  and  Exu- 
dates, and  the  Secretions  of  the  Eye  and  Ear.  Inoscopy  and  Cyto- 
diagnosis  have  been  briefly  considered. 

I  am  indebted  to  Dr.  Chas.  Wardell  Stiles  for  valuable  sug- 
gestions regarding  the  subject  of  animal  parasites;  to  Dr.  John 
A.  McKenna,  who  read  the  proof,  and  to  W.  B.  Saunders  &  Co. 
for  special  courtesies  rendered  while  the  book  was  in  press.  In 
material  taken  from  the  literature  I  have  endeavored  to  give  credit 
in  each  ii\stance. 


CONTENTS. 


INTRODUCTION. 

PACK 

The  Microscope  and  Its  Use 17 

The  Diaphragm,  17;  Light,  18;  Obliaue  Light,  18;  the  Getting  of  Light 
with  the  Mirror,  iq;  Focus,  22;  Working  Distance,  22;  the  Condenser, 
25;  Care  of  the  Microscope,  25;  Measuring  of  Specimens,  26;  Ringing 
of  Specimens,  28. 

THE  BLOOD. 

Tests  for  the  Recognition  of  Blood 31 

Teichmann's  Test,  31;   Guaiacum  Test,  31. 

Estimation  of  the  Total  Volume  of  the  Blood 31 

Haldane  and  Smith  Method,  31. 

Study  of  the  Fresh  Blood 32 

Preparation  of  Slides  and  Cover-glasses,  32:  Clinical  Blood  Reports, 
33.  Collection  of  Blood,  $$.  Immediate  Examination  of  Blood 
and  Making  of  Smears,  34:  Immediate  Examination,  34;  Smears,  35; 
Life  of  the  Blood-cells,  37.  Microscopic  Study  of  Fresh  Blood,  37. 
Estimation  of  the  Volume  of  the  Red  Cells  and  the  Plasma,  38;  Hematocrit, 
38.  Estimation  of  the  Specific  Gravity,  40:  Hammerschlag's  Method,  40; 
Wright's  Coagulometer,  41.  Hemoglobin,  41:  Oxyhemoglobin,  42; 
Reduced  Hemoglobin,  42;  Hemoglobinemia,  42;  Methemoglobin,  42; 
Carbonic-oxid  Hemoglobin,  43;  Hcmatin,  43;  Hematoidin,  43;  Hemo- 
siderin, 43;  Melanin,  43;  SjKictroscopic  Examination  of  the  Blood,  43; 
Corroborative  Tests,  45;  Dare's  Hemoglobinometer,  46;  Oliver's  Hemo- 
globinometer,  47;  Von  Fleischl's  Hemoglobinometer,  48;  Tallquist's 
Hemoglobin  Scale,  51.  Counting  of  the  Blood-corpuscles,  52:  Method 
of  Thoma-Zeiss,  52;  Oliver's  Hcmocytometer,  58.  Alkalinity  of  the 
Blood,  60.  Acidity  of  the  Blood,  64.  Composition  of  the  Whole 
Blood,  64:  Albumins,  64;  Peptone,  64;  Inorganic  Substances  of  the  Blood, 
65;  Urea,  65;  Uric  Acid,  65;  Glycogen,  65;  Fat  (Lipcmia)  and  Fatty 
Acids,  66;  Glucose,  67;  Dial>ctic  Blood,  68;  Acetonemia,  69;  Cholemia, 
69;  Biliary  Acids  in  the  Serum,  69;  Globulicidal  Properties  of  Serum, 
70;  Diastatic  Ferment  of  Blood,  70.  Cryoscopy  of  the  Blood,  70.  Omostic 
Properties  of  the  Blood,  73:  Normal  Salt  Solution,  73. 

Study  of  Fixed  and  Stained  Blood 74 

Slides  and  Cover-glasses,  74.  Staining,  76:  Eosin  and  Hematoxylin, 
76.  Microscopic  Examination  of  the  Stained  Blood,  77:  Normal 
Blood,  77;  Fixing  and  Staining  Combined,  77;  Wright's  Method,  78; 
Ehrlich's  Tricolor  Mixture,  79.  The  Erythrocytes,  81.  Anemia,  82; 
Chemistry  of  the  Erythrocytes,  82.  Hydremia,  83.  Anhydremia,  83. 
Polycythemia,  84:  Cyanosis,  84;  Burns,  85;  Anesthesia,  85;  Effect  of 
Altitude  upon  the  Blood,  86;  Polycj'themia  of  Poisons,  88.  Secondary 
Anemia,  88:  Viscosity,  88;  Endoglobular  Changes  (Simple  Decoloration), 
89;  Changes  in  Shape,  Size,  and  Motility,  89;  Atypical  Staining  Prop- 
erties, 90;  Granular  Basophilia,  91;  Necrosis,  92;  Megaloblasts,  92; 
Normoblast,  93;    Microblast,  94;   Oligemia  (Quantitative  Anemia),  94; 

9 


lO  CONTENTS. 

PAGB 

Melanemia,  94.  Normal  Leukocytes,  94:  Lymphoc3rte8,  95;  Larse 
Mononuclears,  95;  Poly  nuclear  Forms,  96;  Mast  Cell,  96;  Eosinophil, 
96.  Leukocytes  in  Disease,  96;  Myelocytes,  97;  Transitional  Neutro- 
phils, 98;  Tiirck's  Stimulating  Form,  98;  Degenerated  Leukocytes,  98. 
DilTerential  Counting  of  the  leukocytes,  98.  Blood-plates,  100.  Blcwd 
Dust,  100.  Leukocytosis,  10 1:  Toxic  Leukocytosis,  102;  Leukocytosis 
of  Malignancy,  102;  Leukocytosis  of  Anesthesia,  102;  Drugs,  103;  Leuko- 
penia (Hypoleukocytosis),  104;  Lymphocytosis,  104;  Eosinophilic,  105; 
Diminution  of  the  Eosinophils  (Hypoeosinophilia),  107. 

Bacteriology  of  the  Blood 107 

The  Reaction  of  Bacteria  of  the  Blood,  and  their  Products,  108.  Method 
of  Collecting  Blood,  109:  Films,  no;  Staining,  no;  Animal  Inooilation, 
no.  Bacteria  of  the  Blood,  in:  Anthrax,  in;  Relapsing  Fever,  in; 
Tubercle  Bacillus,  112;  Leprosy,  112;  Typhoid  Fever,  112;  Suppuration, 
113;  Pneumonia,  113;  Influenza,  113;  Epidemic  Meningitis,  114;  Pur- 
pura, 114;  Ulcerative  Endocarditis,  114;  Gonococcus,  114;  Plague,  114; 
Diphtheria,  114;  Fungi,  114;  Malta  Fever,  114;  Chorea,  115;  Scarlet 
Fever,  nj;  Scurvy,  115;  Leukemia,  115.  Invasion  of  the  Red  Bone- 
marrow  by  Bacteria,  115:  Typhoid  Fever,  116;  Tuberculosis,  116; 
Diphtheria,  116;  Scarlet  Fever,  116;  Erysipelas,  116.  Serum-Diag- 
nosis, 116:  Streptocolysis,  117.  Widal  Reaction,  118:  Paratyphoid 
Fever,  124;  Dysenterj',  124;  Plague,  124;  Cholera,  124;  Tuberculosis, 
125;  Malta  Fever,  125;  Glanders,  125;  Pneumonia,  125;  Bacillus 
Pyocyaneus,  125;    Fungi,  125. 

Special  Pathology  of  the  Blood 126 

Pernicious  Anemia,  126.  Chlorosis,  127.  Leukemia,  129:  Myeloid 
Leukemia,  130;  Lymphatic  Leukemia,  131.  Pseudoleukemia  (Hodg- 
kin's  Disease),  132.  Splenic  Anemia,  132.  Acute  Infectious  Diseases, 
133:  Pneumonia,  133;  Typhoid  Fever,  133;  Diphtheria,  135;  Scar- 
let Fever,  135;  Measles,  136;  Small-pox,  136;  Vaccinia,  137;  Sup- 
puration, 137;  Appendicitis,  137;  Erysipelas,  138;  Acute  Rheumatism, 
138;  Whooping-cough,  138;  Tonsillitis  and  Serous  Effusions,  138;  In- 
fluenza, 138;  Bubonic  Plague,  139;  Malta  Fever,  139;  Yellow  Fever, 
139;  Gonorrhea,  139;  Actinomycosis,  139;  Anthrax  and  Glanders,  139; 
Leprosy,  140;  Bacilli,  140;  Takosis,  140;  Hemocytolysis,  141;  Purpura 
Haimorrhagica,  141;  Scur\'y,  142;  Hemophilia,  142;  Addison's  Dis- 
ease, 142;    Myxedema,  142. 

Parasitic  Diseases  Affecting  the  Blood 143 

Uncinaria  Duodenale  (Ankylostoma  Duodenale),  143.  Strongyloides 
Intestinalis,  143.  Ascaris  Lumbricoides,  Oxyuris  Vermicularis,  Tricho- 
cephalus  Dispar,  143.  Trichinosis,  146.  Schistosoma  (Distoma,  Bilhar- 
zia)  Haematobium,  147.  Dibothriocephalus  Latus,  Taenia  Solium  and 
Taenia  Mediocanellata,  147.  Filariasis,  147.  Dracunculus  Medinensis 
(Guinea-worm),  149.  Trypanosomiasis,  151:  the  Parasite,  151;  Sleep- 
ing Sickness,  153;  Animals,  153.  Malaria,  153:  Zoologic  Aflfmities,  153; 
the  Malarial  Parasite,  157;  Method  of  Examination,  157;  Staining, 
158;  Hyaline  Bodies,  159;  pigmented  Bodies,  159;  Segmenting  Bodies, 
160;  Crescentic  Bodies,  162;  Oval  Bodies,  162;  Extracellular  Bodies,  162; 
Flagella,   162. 

THE  URINE. 

Physical  Properties  of  the  Urine 168 

Naked-eye  Appearance,  168:  Quantity,  168;  Color,  i6g;  Transparency. 
171;  Odor,  172;  Consistence,  172.  Sjjecific  Gravity,  172:  Increase,  172; 
Decrease,  172;  Solids  of  the  Urine,  174.  Electric  Conductivity  of  the 
Urine,  175.  Reaction  of  the  Urine,  176:  Decreased  Acidity,  176;  In- 
creased Acidity,  176;  Alkaline  Reaction,  176;  Amphoteric  Reaction,  177; 
Fixed  and  Volatile  Alkalis,  177. 


CONTENTS.  II 

'  PAGK 

Chemistry  of  the  Urine 177 

Mineral  Ash,  178.  Chlorids,  179.  Phosphates,  181:  Earthy  Phosphates, 
182;  Alkaline  Phosphates,  182;  Estimation  of  Phosphoric  Acid,  184. 
Sulphates,  185:  Ethereal  Sulphates,  187;  Neutral  Sulphur,  187;  Loosely 
Combined  Sulphur  in  Urine,  187.  Centrifugal  Analysis,  189:  Estimation 
of  Chlorids,  iSig;  Estimation  of  Phosphates,  190;  Estimation  of  Sulphates, 
191  Urea,  192:  Estimation  of  Total  Nitrogen,  195.  Uric  Acid,  196. 
Xantliin  Bases,  200.  Hippuric  Acid,  201.  Oxalic  Acid,  203:  Oxalic* 
add  Diathesis,  203;  Quantitative  Estimation  of  Oxalic  Acid,  204. 
Kreatin  and  Kreatinin,  204:  WeyKs  Test,  205.  Proteids  in  the  Urine, 
205:  Mucin,  205;  Serum-albumin  and  Serum-fflobulin  in  the  Urine, 
ao6:  Separation  of  Albumin  and  Globulin,  206;  Douglas'  Method,  206; 
Author's  Method,  207;  Serum-globulin,  214;  Mucin  (Nucleo-albumin), 
215;  Emulsion-albuminuria,  216;  Albumoses,  216;  Peptones,  217; 
Bence-Jones'  Albumose,  218;  Hematuria,  221;  Hemoglobinuria,  222; 
Methemoglobinuria,  223;  Hematoporphyrinuria,  223;  Histon,  223; 
Fibrin,  224.  Carbohydrates  (Sugar)  in  Urine,  225:  Glucose,  224;  Tests 
for  Glucosuria,  226;  Optical  Saccharimetry,  236;  Lactose,  238;  Pen- 
toses, 238;  Bail's  Test,  238;  ToUen's  Phoroglucin  Test,  239.  Bile  in 
the  Urine,  239.  Acetone,  240:  Tests  for  Acclo-acetic  Acid,  240;  Tests 
for  Acetone,  241.  Oxybutyric  Acid,  242.  Diacetic  Acid,  243:  Ger- 
hardt's  Test,  243;  Arnold's  Test,  243.  Lactic  Acid,  244.  Cholesterin, 
245.  Ammonia  in  the  Urine,  246.  Cystin,  246.  Pyuria,  246.  Alkap- 
tonuria, 247.  Urein,  248.  Ehrlich  Diazo-reaction,  249.  Ehrlich 
Dimethylamidobenzaldehyd  Reaction,  249.  The  Volatile  Fatty  Acids, 
250.  Fat,  251.  Chyluria,  252.  Ptomains,  254.  Gases,  254.  Effect 
of  Drugs  upon  the  Urine,  255. 

Microscopic  Study  of  the  Urine 257 

Sedimentation,  257.  Microscopic  Technic,  258:  Light,  258;  Focus,  258; 
Permanent  Mounts,  258;  Washing  Sediments,  259;  Casts,  259.  Urinary 
Sediments,  260:  Inorganic  Sediments,  260;  Uric  Acid,  264;  Calcium 
Oxalate,  265;  Calcium  Sulphate,  266;  Calcium  and  Magnesium  Soaps, 
266;  Neutral  Calcium  Phosphates,  267;  Boric  Acid,  267;  Tyrosin  and 
Leucin,  267;  Bilirubin,  270;  Hematoidin,  270;  Triple  Phosphates,  271; 
Basic  Phosphates  of  Magnesium,  271;  Hippuric  Acid,  271;  Cystin,  271; 
Xanthin,  272;  Cholesterin,  272;  Acid  Ammonium  I'ratcs,  272;  Acid 
Urate  of  Sodium,  273;  Amorphous  Deposits,  274;  Crystalline  Sediments 
from  Alkaline  Urine,  275;  Amorphous  Alkaline  De|)osits,  277.  Organic 
Sediments,  278:  Lcukocj'tes,  278;  Pus,  278;  Epithelia,  279;  Blood,  281. 
Casts  (Tube-casts;  Renal  Casts),  283:  Staining  of  Casts,  284;  Urate 
Casts,  284;  Hyaline  Casts,  285;  Granular  Casts,  286;  Bloodrcasts,  287; 
Epithelial  Casts,  288;  Pus-cells,  288;  Fatty  Acids,  28g;  Amyloid  Casts, 
289;  Cylindroids,  290;  Floaters,  291;  Spermatozoa,  291;  Fragments  of 
Tumors,  291.  Animal  Parasites,  292:  Taenia  I^chinococcus,  292;  Filaria 
Sanguinis  Hominis,  294;  Schistosoma  Haematobium,  295;  Oxyuris  Vermicu- 
laris,  297;  Ascaris  Lumbricoides,  207;  Rhabditis  Genitalis,  297;  Tricho- 
cephalus  Dispar,  298;  Anguillula  Aceti,  298;  Eustrongylus  Gigas,  290; 
Bothriocephalus  Liguloides,  300;  Amoeba  Urogenitalis,  300;  Infusoria, 
300.  Vegetable  Parasites,  300:  Fungi,  300;  Actinomyces,  301;  Aspergil- 
lus, 301;    Bacteriuria,  301. 


GASTRIC  CONTENTS, 

Method  of  Collection,  308:  the  Stomach-tube,  308;  Washing  the  Stomach, 
313;  Einhom's  Instrument,  314.  Test-meal,  315:  Ewald-Boas'  Test- 
breakfast,  315;  Riegel's  Test-dinner,  316;  Boas'  Test-breakfast,  316; 
Salzer  Test-meal,  316.  Characteristic  Features  of  the  Gastric  Juice,  317. 
Motor  Power  of  the  Stomach,  318:  Leube's  Method,  318;  Ewald-Sicvers' 


12  CONTENTS. 

PAGB 

Method,  318.  Resorptive  Power  of  the  Stomach,  319.  Giinzburg's 
Method  for  Indirectly  Examining  the  Gastric  Juice,  319. 

Chemistry  of  the  Gastric  Contents 320 

Acidity,  321:  Total  Acidity,  323;  Amount  of  Hydrochloric  Acid,  324; 
Source  and  Significance  of  Hydrochloric  Acid,  326;  Tests  for  Free  Hydro- 
chloric Acid,  328.  Ferments  and  their  Zymogens,  335:  Test  for  Pepsin 
and  Pepsinogen,  336;  Chymosin,  338.  Products  of  Gastric  Digestion, 
340:  Proteid  Digestion,  340;  Albuminoids,  341;  Digestion  of  Carbo- 
hydrates, 341 ;  Digestion  of  Fat,  342.  Fatty  Acids,  342:  Test  for  Butjrric 
Acid,  343;  Test  for  Acetic  Acid,  343;  Estimation  01  Organic  Acids,  343; 
Lactic  Acid,  344.     Acetone,  348.     Gases,  349. 

Microscopic  Study  op  the  Gastric  Fluid 350 

The  Vomit 352 

Odor,  352;  Saliva,  353;  Mucus,  353;  Bile,  354;  Stercoraceous  Vomit, 
354;    Blood,  354;    Pus,  355;    Parasites,  355. 

THE  FECES. 

Collection  of  the  Feces,  356.  General  Characters  of  the  Feces  during 
Health  and  during  Disease,  357:  Constipation,  358;  Amount,  358;  Form, 
359;    Odor,  359;    Color  of  Stools,  360. 

Chemistry  op  the  Feces 362 

Reaction  of  the  Stools,  362.  Composition  of  the  Feces,  363.  Tyrosin, 
365.  Fatty  Acids,  367:  Physical  Properties  of  Fatty  Acids,  367  Biliary 
Acids,  368.     Pigments  of  the  Feces,  369.     Cholesterin,  370. 

Macroscopic  and  Microscopic  Constituents 371 

Particles  of  Food,  etc.,  371;  Mucoid,  Serous,  and  Bloody  Stools,  372; 
Epithelial  Cells,  374;  Blood-corpuscles,  375;  Pus,  376.  Intestinal  Con- 
cretions, 376:  Biliary,  376;  Intestinal  Calculi,  377;  Fatty  Stools,  378. 
Crystals  of  the  Feces,  378:  Fatty  Acids,  378;  Charcot-Leyden  Crystals, 
379;  Cholesterin,  379;  Hematoidin,  379;  Phosphates,  379;  Bismuth, 
380.  Bacteria,  380:  Tubercle  Bacilli,  380;  Pus-producing  Organisms, 
381;    Bacillus  of  Shiga,  381. 

Animal  Parasites  of  the  Feces 383 

Classification,  383.  Gross  Examination,  386:  Microscopic  Study,  387. 
Intestinal  Coccidiosis,  388.  Rhizopoda,  388:  Amoeba  Coli,  388.  Flagel- 
lata,  392:  Cercomonadina,  392;  Tetramitina,  392;  Trichomonas,  393; 
Megastoma  Entericum,  394;  Balantidium  Coli,  395.  Tape-worms 
(Cestodes),  396:  Taenia  Solium,  398;  Taenia  Mediocanellata,  399; 
Dibothriocephalus  Latus,  402;  Taenia  Echinococcus,  404;  Taenia  Mar- 
ginata,  406;  Hymenolepis  Nana,  406;  Taenia  Cucumerina,  407;  Taenia 
Flavopunctata,  407;  Dipylidium  Caninum,  407;  Tania  Madagas- 
cariensis,  409;  Taenia  Africana,  409;  A  Questionable  Intestinal  Parasite, 
409;  Helophilus,  410;  Blue-bottle  Fly,  411.  Trematodes  or  Flukes, 
411:  Fasciola  Hepatica,  411;  Dicrocoelium  Lanceatum,  412;  Fasciola 
Hepatica  Angusta,  412;  Fasciola  Hepatica  ^^gyptiaca,  412;  Fasciola 
Magna,  413;  Distoma  Sinense,  413.  Round-worms,  414:  Ascaris  Lum- 
bricoides,  414;  Ascaris  Mystax,  414;  Oxyuris  Vcrmicularis,  414;  Unci- 
naria  Duodenale,  415;  Trichocephalus  Dispar,  418;  Strongyloides  In- 
testinalis,  419;  Strongyloides  Subtilis,  421;  Anguillula  Intestinalis,  422; 
Trichina  Spiralis,   422. 

THE  SPUTUM. 
Collection 426 

Characteristics  of  the  Sputum 428 

Microscopic  Study  of  the  Sputum 432 

Organized  Constituents,  432:   Fibrinous  Coagula,  432;  Bronchial  Spirals, 


CONTENTS. 


13 


PAOK 

433;  Elastic  Fibers,  434.  Animal  Parasites  of  the  Lung,  435:  Para- 
gonimus  Westermanii,  435;  Bilharzia,  436;  Amoeba  Coli,  436;  Tricho- 
monades,  436;  Whooping-cough,  436;  Tenia  Echinococcus,  437;  As- 
carides,  437;  Filaria,  437.  Fungi,  437.  Bacteria,  438:  Tubercle 
Bacilli,  438;  Diphtheria,  442;  Influenza,  443;  Acute  Bronchitis,  443; 
Chronic  Bronchitis,  444;  Pneumococcus,  444;  Bacillus  of  Friedlknder, 
445;  Bronchopneumonia,  445;  Bronchial  Asthma,  445;  Pulmonary 
Abscess,  445;  Pulmonary  Gangrene  and  Putrid  Bronchitis,  446;  Pul- 
monary Tuberculosb,  447;  Incipient  Phthisis,  447;  Edema  of  the  Lung, 
448;  Pneumonia,  448;  Organic  Heart  Disease,  449;  Pneumoconiosis, 
449. 

Chemic  Study  op  the  Sputum 450 

Organic  Substances,  450:  Proteids,  451;  Ferments,  45 1 ;  Glycogen,  451; 
Fatty  Acids,  451. 


BUCCAL  SECRETION. 

Collection,  452.  Physical  Properties,  452.  Chemistry,  453:  Sulpho- 
cyanids,  453;  Sugar,  453;  Diastatic  Ferments,  453;  Nitrates,  454. 
Microscopic  Appearance,  454:    Epithelium,  454;    Bacteriology,  454. 

Buccal  Secretion  in  Disease 455 

Catarrhal  Stomatitis,  455;  Ulcerative  Stomatitis  with  Angina,  455; 
Gonorrheal  Stomatitis,  457;    Thrush,  457;    Actinomycosis,  458. 

Coating  op  the  Tongue 458 

Tartar  op  the  Teeth 458 

Tonsillar  Membrane 459 

Diphtheria,  459;  Pharyngomycosis  Leptothricia,  460;  Keratosis,  460; 
Cultures  from  the  Throat,  461. 


NASAL  SECRETION. 

Naked-eye  Ap|>earance,  465;    Reaction,  465;    Rhodan,  465;    Pathologic 
Secretion,  465;    Crj'stals,  467;    Fungi,  467;    Entozoa,  467. 


DISCHARGES  FROM  THE  EAR  AND  EYE. 

The  Ear 468 

Parasitic  Inflammation  of  the  External  Auditory  Canal,  469:   Detection, 
469;  Sterigmatocystis  Candida,  469.     Larva?  in  the  Auditory  Canal,  470. 

The  Eye 470 

Gonorrheal  Conjunctivitis,  470;  Keratitis,  471;  Trematodes  of  the  Eye, 
472;  Keratomycosis,  473;  Keratoconjunctivitis,  473;  Abscess  of  the 
Cornea,  474;  Diphtheric  Conjunctivitis,  474;  Trachoma,  475;  Acute 
Infectious  Conjunctivitis,  475;   Parasitic  Cysts,  476. 


SECRETION  OF  THE  GENITAL  ORGANS* 

Seuen 477 

Methodof  Collection,  477;  Characteristics,  477;  Chemistry,  478;  Micro- 
scopic Study,  478.     Pathology  of  the  Semen,  480. 

Vaginal  Secretion 48r 

Microscopic  Study,  481.  Normal  and  Pathologic  Secretion,  482:  Gesta- 
tion, 483;  Bactericidal  Properties,  483;  Gonorrhea,  483;  Ulceration  of  the 
Cervix,  484;  Carcinoma  of  the  Cervix,  484;  Diphtheria  and  Noma,  484; 
Animal  Parasites,  484. 


14  CONTENTS. 

PACK 

Menstrual  Fluid 485 

Abortion,  485;  Lochia,  485;  Vulvitis  and  Vaginitis,  485;  Pruritus  Vulvae, 
486;  Membranous  Dysmenorrhea,  486;  Vaginal  Blennorrhea,  486; 
Mycosis,  486;   Fungi,  486. 


TRANSUDATES  AND  E3CUDATES. 
Transudates 487 

Microscopic  Study,  488:  Collection,  488;  Sedimentation,  489;  Fixings, 
489;  Staining,  489;  Cytodiagnosis,  490;  Renal  Cysts,  490;  Ovarian 
Cysts,  490;  Hydatid  Cysts,  491;  Pancreatic  Cysts,  491;  Fistulous  Secre- 
tions, 491. 

Exudates • 492 

Serous  Exudates,  492:  Inoscopy,  492.  Seropurulent  Exudates,  492. 
Chylous  Exudates,  493.  Hemorrhagic  Exudates,  493.  Purulent  Exu- 
dates, 493:  Staining,  494;  Gonorrhea,  494;  Glanders,  497;  Anthrax,  497; 
Tetanus,  497;  Leprosy,  497;  Animal  Parasites,  497;  Micrococci,  498; 
Fungi,  498. 


CEREBROSPINAL  FLUID  AND  SYNOVIAL  FLUID. 

Cerebrospinal  Fluid 500 

Collection  of  the  Fluid,  500;   Staining,  502;   Diplococcus  IntracellulariSi 
502. 

Synovial  Fluid 504 


DISEASES  OF  THE  SKIN, 

Forms,  506;  Tinea  Tonsurans,  507;  Tinea  Trichophyton  Endothrix, 
509;  Tinea  Circinata,  509;  Tropic  Tinea,  509;  Tinea  Barbae,  509; 
Mycotic  Dermatitis  (Dhobie  Itch)  510;  Onychomycosis,  511;  Gayle,  511; 
Tinea  Versicolor,  511;  Erythrasma,  512;  Pinta,  512;  Blastomycetic  Der- 
matitis, 512;  Mycetoma,  512;  Myiasis,  513;  Vera  Macaque,  514;  Im- 
petigo Contagiosa,  514;  Erysipelas,  515;  Eczema,  515;  Conditions  of 
Bacterial  Origin,  516;   Oriental  Sore,  516, 

MILK. 

Colostrum 517 

Human  Milk 518 

Bacteria,  519.     Specific  Gravity,  520.     Fat,  521.     Protcids,  522. 

ADDENDA. 

Blood 523 

Torkritization,  523;  Biff's  Hemogelometer;  WetheriU's  Ante-mortem 
Blood  Colors,  524;  Polyglobulia,  524;  Ficker's  Typhoid  Reaction,  525; 
Leishman-Donovan  Body,  525. 

Urine 526 

Ravold's  Combined  Heat  and  Contact  Test  for  Albumin,  526;  Clinical 
Significance  of  Albumin,  527;  Torfugation,  528;  Quantitative  Estima- 
tion of  Purin  in  Urine,  529;  Quantitative  Estimation  of  Uric  Acid,  530; 
Glycerin,  531. 


CONTENTS. 


15 


PAGE 


Gastric  Contents 533 

Cipollino's  Test,  533;    Purin  Bodies  in  Feces,  533. 

Moisture  of  the  Breath 533 

Clinical  Significance  of  Buccal  Secretion  in  Disease 534 

Cytodiagnosis 534 

Exudates 536 

Parasites  of  Smallpox,  Vaccinia,  and  \''aricella,  536;  Protozobn  of  Scarlet 
Fever,  536;   Chylous  and  Pseudochylous  Fluids,  537. 

Cytologic  Study  of  Spinal  Fluid 538 

Indican  in  the  Urine 538 


INDEX 541 


IHERMOMETRIC  EQUIVALENTS. 


Centigrade. 

no**  .., 

icx>  .. , 

05  -.. 

()0  ... 

H5  ... 

80  ... 

75  ••< 

70  ... 

65  ... 

60  ... 

55  ••• 

50  ... 

45  •• 


Ffthrenheit. 


212 

104 

i«5 
176 

167 

158 
149 

140 

131 
122 

»«3 


44    iri.2 

4^    I09-4 

42    107.6 

41     105-8 

40.5 I04.(; 

40     1 04 .0 

39-5 '03i 


Centigrade. 

37°  . 

36.5  . 

36  . 

35-5  . 
35 
34 

33 
32 

31 

30       • 

25 
20 

15 
10 

+  5        . 
o 

—5 
— 10 

— J5 
— 20 


Fahrenheit. 

...98.6*> 
...97.7 
. .  .96.8 

•.95-9 

.  .950 
...9.32 

...9i«4 

...89.6 

...87.8 

...86 

...77 

...68 

-.59 
...50 
...41 

...32 
..23 
..14 

.+5 
.—4 


Geati- 

metcn. 


30 
.38.5 
38 
37-5 


102.2 
101.3 
100.4 

W-5 


0.54' 
I 

2 
2.5 


1.8 
3.6 
4.5 


VEIGHTS  AND  MEASURES. 

1.  English  Weights  and  Measures. 

I  gniin  (gr.). 

I  ouncr  (c)z.) =  437.5  grains. 

I  jwiund  (lb.) =  16  ounces  —  7000  grains 

I  minim =  0.91146  grain. 

1  fluidram =  60  minims. 

I  nuJciouncL* =  8  fluidrams. 

I  pint =  20  fluidounces. 

I  gallon =  8  pints. 

2.  Relations  of  English  to  Metric  Systems. 


locheu 


ComiMfative  scale 
in  centimcteiB  and 
inches. 


I  grain =  64.8 

I  ounce =  28.3 

I  [K)und =  453-6 

I  gram =  15.432 

I  kilo =  2 

I  minim =  o.osg 

I  fluidram =  3.5 

I  fluidouncf =  28.39 


I  pint 

I  c.c 

I  liter 

I  inch  

I  foot 

I  yard  

I  centimeter 
I  meter 


=  5670 

=  16.9 

=  35-2 

=  2.54 

=  30.48 

=  91.44 

=  0.30 

=  39-37 


milligrams. 

grams. 

grams. 

grains. 

]K)unds  3  ounces. 

cuhic  centimeter. 

cubic  centimeters. 

cubic  centimeters. 

cubic  centimeters. 

minims. 

fluidounces. 

centimeters. 

centimeters. 

centimeters. 

inch. 

inches. 


CLINICAL  DIAGNOSIS. 


INTRODUCTION. 

THE  HICROSCOPE  AND  ITS  USE. 

Before  attempting  to  use  the  microscope  the  student  should 
place  the  instrument  upon  a  table,  in  position,  and  examine  it  care- 
fully, comparing  it  with  the  illustration  (Fig.  i),  and  whenever 
necessary,  he  should  examine  the  accompanying  key  in  order 
that  he  be  thoroughly  acquainted  with  this  complicated  instru- 
ment. I  am  firmly  convinced  that  the  chief  reason  the  majority 
of  men  fail  to  obtain  satisfactory  results  with  the  microscope  is 
that  they  have  neglected  to  acquire  a  practical  knowledge  of  the 
instrument,  and  to  familiarize  themselves  with  the  technic  neces- 
sary for  its  clinical  adoption. 

In  clinical  microscopy  the  so-called  compound  microscope 
is  required;  and  here  it  may  be  well  to  emphasize  the  fact  that 
it  is  impossible  to  do  all  the  forms  of  clinical  work  unless  the 
microscope  is  provided  with  a  two-thirds,  a  one-sixth,  and  a 
one-twelfth  oil-immersion  objective  (Fig.  2)  and  a  substage  con- 
denser (Fig.  2).  In  order  to  use  a  one-twelfth  objective  properly 
a  condenser  is  absolutely  essential — an  Abb^  condenser  is  the 
form  usually  supplied  (Fig.  2,  E). 

THE  DIAPHRAGM. 

In  a  modern  microscope  the  diaphragm  (Fig.  2,  G)  is  so  ar- 
ranged as  to  be  readily  adjustable.  The  so-called  iris  diaphragm 
is  now  employed  for  clinical  work  and  has  become  an  essential 
feature  of  the  microscope.  The  particular  function  of  the  dia- 
phragm is  to  cut  off  all  adventitious  light,  thereby  securing  illu- 
mination of  the  object  in  such  a  manner  that  the  light  upon 
reaching  the  microscope  is  composed  of  those  rays  that  come  from 
the  immediate  vicinity  of  the  object  only.  A  diaphragm  is  further 
necessary  in  each  substage  in  order  that  the  aperture  may  be 

gaged  to  suit  the  different  objectives  in  use,  as  well  as  the  different 
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objects  to  be  observed.  Should  light  be  received  directly  from 
a  mirror,  it  is  well  to  have  the  diaphragm  situated  as  close  as 
possible  to  ihe  object,  in  order  to  prevent  all  adventitious  light 
from  reaching  the  object.  Again,  the  diaphragm  will  be  less  Hkely 
to  interfere  with  illumination  from  a  mirror  when  it  is  near  the 
object  illuminated.  In  clinical  microscopy  the  condenser  (illu- 
minator, Fig.  2,  E)  is  always  to  be  employed,  and  for  this  reason 
a  further  discussion  of  the  dia- 
phragm appears  valueless. 


LIGHT. 

It  is  not  practicable  to  employ 
unmoditied  light  in  clinical  micro- 
scopy, and  though  it  is  preferable 
lo  obtain  light  from  a  northern 
exposure,  this,  too,  is  often  im- 
practicable. A  northern  exposure, 
when  the  sky  is  covered  with  white 
clouds,  affords  a  most  desirable 
light,  but  in  this  climate  the 
microscopist  must  complete  his 
work  independent  of  climatic 
conditions.  I  have  found  through 
experience  that  a  large  portion  of 
the  microscopic  study  must  be 
through  the  use  of  artificial  light. 
A  glance  at  figure  3  will  enable 
the  reader  to  obtain  satisfactory 
light  by  carefully  manipulating 
the  microscope's  mirror.  When 
there  are  valid  reasons  for  the 
operator  not  silting  so  as  to 
face  the  light,  it  is  well  to  obtain 
light  from  over  the  left  shoulder, 
as  is  done  in  reading.  Light 
employed  for  the  microscope  is 
usually  spoken  of  as  reflected  and  transmitted,  axial  and  oblique; 
these  terms  designating  whether  the  light  which  illuminates  a 
given  object  traverses  such  object  or  is  reflected  upon  it;  and 
whether  or  not  this  object  is  lighted  uniformly  or  asymmetrically. 

Oblique  Light.— This  is  light  in  which  parallel  rays  from 
a  plane  mirror  form  an  angle  with  the  optic  axis  of  the  microscope. 
Or  if  a  concave  mirror  or  a  condenser  is  used,  the  light  is  oblique 
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when  the  axia!  rays  of  the  cone  of  light  form  an  angle  with  the 
optic  axis  (Gage).     (Sec  Fig.  3.) 

The  Getting  of  Light  with  the  Mirror.— i.  Illumination 
is  readily  obtained  by  moving  to  the  left  the  substage  and  con- 
denser (Fig.  a),  and  by  placing  a  mounted  specimen  upon  the 


microscope  stage,   and   employing  a   low  objective   (two-thirds) 
and  a  low  ocular  (Fig.  4). 

2.  Do  not  attempt  to  illuminate  the  specimen  until  the  ob- 
jective is  lowered  to  a  point  about  one  centimeler  distant  from 
the  object. 

3.  Set  ihe  diaphragm  so  that  ils  central  opening  is  approxi- 
mately the  size  of  the  tip  of  the  objective. 
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4.  Manipulate  the  mirror  (plane  surface  up)  until  the  light 
is  reflected  through  the  diaphragm  to  the  objective. 

5.  Whenever  the  column  of  light  has  passed  through  the 
diaphragm,  an  illuminated  spot  appears  immediately  beneath 
the  objective;  and  by  looking  into  the  microscope  (Fig.  s)>  the 
illuminated  object  is  seen.    It  is  unnecessary  to  explain  how  the 


mirror  should  be  manipulated  in  order  to  elTect  this  end,  since 
considerable  practical  experience  is  needed. 

6.  A  more  brilliant  illumination  is  to  be  obtained  through 
the  use  of  the  concave  surface  of  the  mirror,  but  in  using  this 
surface  the  mirror's  position  must  be  at  such  distance  from  the 
object  that  its  focus  will  be  at  a  level  with  the  object. 


7-  It  is  my  custom  to  advise  all  beginners  in  microscopy 
to  obtain  light  through  a  low-power  objective  with  a  mounted 
specimen  upon  the  stage  of  the  microscope.  The  object  which 
serves  best  for  this  purpose  is  a  permanently  mounted  specimen 
of  crystals  of  uric  acid.  These  crystals  are  sufficiently  lai^ 
to  be  readily  seen  through  a  two-thirds  objective  (Plate  1$),  and 
possess  suSicient  color  to  render  them  conspicuous. 


8.  The  position  of  the  substagc,  which  also  governs  the  posi- 
tion of  the  diaphragm,  is  of  vilal  importance  in  obtaining  satis- 
factory illumination,  and  a  knowledge  of  this  important  point 
is  to  be  obtained  only  through  careful  manipulation  of  the  thumb- 
screw of  the  substage  {Fig.  6),  while  at  the  same  time  the  operator 
closely  observes  the  effect  of  such  manipulation  upon  the  field  and 
object  under  study. 
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FOCUS. 


By  focusing  is  meant  a  bringing  of  the  microscope  and  the 
object  to  be  studied  in  such  apposition  that  a  clear  image  of  the 
object  is  seen.  It  will  be  found  that  the  higher  the  power  of 
magnification,  the  nearer  must  the  object  be  brought  to  the  objec- 
tive. It  is  practical,  therefore,  to  note  that  with  the  compound 
clinical  microscope  the  higher  the  objective,  and  the  longer  the 
microscope's  tube,  the  nearer  the  objective  must  be  to  the  object. 
Again,  unless  the  oculars  be  par-focal,  the  higher  the  magnifica- 
tion of  the  ocular,  the  nearer  must  the  object  be  brought  to  the 
objective.     These  general  principles  will  serve  to  guide  the  be- 


ginner, though  in  a  short  time  actual  experience  teaches  him  the 
distance  above  the  cover-glass,  or  above  the  object,  at  which 
each  objective  focuses. 

Working  Distance. — The  distance  from  the  object  at  which 
the  objective  of  a  compound  microscope  focuses  is  referred  to 
as  its  working  distance.  This  working  distance  will  be  found 
to  vary  within  rather  wide  limils,  and  such  variation  will  depend 
upon  the  power  of  magnification  obtained;  in  other  words,  the 
higher  the  power  of  magnification,  the  shorter  the  working  dis- 
tance. 


FOCUS.  33 

In  view  of  these  optical  conditions,  the  thickness  of  the  cover- 
glass  is  of  importance,  since  it  may  exceed  the  length  of  the  work- 
ing distance  of  the  objective  employed,  in  which  case  it  is  impos- 
sible to  focus  the  object.  I  have  found  that  the  American  one- 
sixth  objective  has  too  short  a  working  distance  to  focus  upon 
the  lines  of  a  Thoma-Zeiss  counting  chamber  unless  a  thin  cover- 
glass  be  employed. 

In  focusing  a  one-sixth  or  an  oil-immersion  objective  the 
technic  differs  but  slightly; 

I.  Place  the  slide  containing  the  object  to  be  studied  upon 
the  microscope  stage,  and  anchor  it  with  one  of  the  stage  clamps. 


— Manlpulali 


2.  Place  the  head  in  a  position  so  that  the  eye  is  on  a  level 
with  the  stage  of  the  microscope,  and  with  the  right  hand  lower 
the  tube  by  means  of  the  coarse  adjustment  until  it  is  possible 
to  get  but  a  faint  ray  of  light  between  the  objective  and  the  superior 
surface  of  the  cover-glass  (Fig.  7). 

3.  The  eye  is  now  placed  in  position  at  the  ocular  and  the 
tube  of  the  microscope  gently  elevated  by  means  of  the  coarse 
adjustment.  In  most  instances  it  requires  but  a  limited  Jimount  of 
practice  to  enable  the  student  to  focus  readily  afier  this  method. 

4.  When  the  object  springs  into  view,  the  tube  is  first  lowered 
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slightly,  and  again  elevated  but  a  trifle,   this  manipulation  being 

continued  until  a  fairly  clear  outline  of  the  object  is  obtained. 

5.  The  fine  adjustment  wheel  (see  Fig.  8)  should  be  rotated 


Tight  hi 


slowly,  and  at  the  same  time  the  eye  be  kept  in  position  so  as 
to  observe  the  slightest  change  in  the  definition. 

Caution. — Do  not  rotate  the  fine  adjustment  wheel  more  than 
once.  It  will  be  found  that  this  wheel,  when  rotated  bul  a  sec- 
tion of  the  circle,  will  change  materially  the  defmilion  (clearness 
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of  the  object).  Whenever  the  field  of  vision  becomes  dimmed 
to  the  slightest  degree,  the  fine  adjustment  wheel  should  be  rotated 
in  the  opposite  direction. 

The  Condenser. — The  condenser  (Fig.  2,  E)  is  necessary  in 
order  to  do  satisfactory  microscopic  work.  When  using  the  flat 
surface  of  the  mirror,  the  exact  position  of  the  condenser  is  not 
of  special  moment;  but  practical  experience  shows  that  it  is 
possible  to  employ  the  concave  surface  of  the  mirror  to  reflect 
light  through  the  condenser;  the  distance  between  the  condenser 
and  the  mirror,  and  the  object,  all  become  of  importance.  It  is 
necessary  that  the  operator  manipulate  the  thumb-screw  elevating 
and  lowering  the  substage  until  the  clearest  definition  is  obtained 
(Fig.  6).  Careful  adjustment  of  the  substage  will  be  found  of 
inestimable  value  in  bringing  out  the  lines  bounding  the  squares 
of  the  Thoma-2^iss  counting  chamber. 

CARE  OF  THE  MICROSCOPE. 

In  view  of  the  fact  that  every  microscope  is  provided  with 
a  small  booklet  giving  special  directions  for  its  care,  it  does  not 
appear  to  be  necessary  to  do  more  than  refer  to  the  subject  in 
this  volume. 

The  location  of  a  particle  of  dirt  that  may  obstruct  or  interfere 
with  the  view  of  a  certain  portion  of  the  field  is  of  practical  interest, 
and  will  therefore  be  considered : 

1.  First,  while  looking  at  an  object  through  the  microscope 
rotate  the  ocular  to  determine  w^hether  or  not  the  particle  that 
obscures  the  field  is  rotated;  and  should  the  particle  rotate,  it 
is  situated  in  the  ocular. 

(a)  Remove  the  ocular  from  the  tube,  and  unscrew  for  a 
short  distance  its  upper  lens;  return  the  ocular  in  position  and 
rotate  this  lens,  and  should  the  dirt  rotate  with  the  lens,  the  superior 
lens  only  needs  cleansing. 

(b)  The  above  steps  are  applicable  to  the  inferior  lens  of  the 
ocular. 

2.  Particles  of  lint  and  dust  may  collect  upon  the  condenser, 
and  the  location  of  such  dust  is  determined  through  the  fact  that 
it  springs  out  of  focus  and  returns  into  focus  when  the  thumb- 
screw of  the  condenser  is  manipulated  (Fig.  6). 

3.  Should  the  particle  of  dust  remain  unchanged  after  examin- 
ing both  the  ocular  and  the  condenser,  the  student  will  know 
that  it  is  situated  in  the  objective.  This  point  may  be  further 
determined  by  screwing  the  objective  to  about  two-thirds  its 
depth  into  the  nose-piece,  and  then  rotating  the  objective  with 
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the  eye  at  the  ocular,  when  the  particle  of  dust  will  be  rotated 
with  the  objective. 

Cleansing  the  objective,  the  lenses  of  the  condenser,  and  the 
lenses  of  the  ocular  is  of  great  importance  in  securing  clear  de- 
finition. It  is  customary  to  cleanse  these  lenses  with  a  special 
paper,  and  under  certain  conditions  it  is  allowable  to  moisten 
such  paper  with  some  liquid. 

Caution. — The  lens  nearest  the  tip  of  the  objective  is  not  to 
be  cleansed  with  xylol,  ether,  or  alcohol.  It  is  my  practice  to 
cleanse  all  lenses  of  the  microscope  by  the  use  of  a  silk  or  soft 
linen  handkerchief,  moistening  the  handkerchief  with  saliva. 
Practice  has  shown  saliva  to  be  the  most  effectual  medium  for 
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F'ifiT-  9-~i«  Ocular  micrometer  (natural  size) ;  2,  scale  of  micrometer  (greatly  enlarged). 

the  removal  of  oil  from  the  objective.  By  moistening  the  finger 
with  saliva  and  sweeping  over  the  surface  of  a  cover-glass  after 
the  use  of  an  oil-immersion  objective,  the  oil  is  instantly  removed 
from  the  cover,  leaving  a  highly  polished  surface.  Saliva  is  also 
a  valuable  solvent  for  Canada  balsam. 


MEASURING  OF  SPECIMENS. 

The  measuring  of  microscopic  objects  is  known  as  micrometry. 
It  would  seem   advisable   to  outline  a   method  by  which  even 
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the  inexperienced  may  be  able  to  determine  the  size  of  certain 
objects  studied.  The  special  apparatus  necessary  for  this  pur- 
pose is  an  ocular  micrometer 
(eye- piece  micrometer).  This 
apparatus  consists  of  a  thin 
ground  glass,  upon  one  surface 
of  which  is  placed  a  graduated 
scale  composed  of  from  fifty  to 
one  hundred  lines  (Fig.  9), 

The  ocular  micrometer  is 
placed  in  the  eye-piece  upon  the 
diaphragm,  graduated  side  down. 
In  the  study  of  objects  these  fine 
lines  appear  to  the  eye  as  though 
ground  upon  the  microscopic  field. 
By  rotating  the  ocular  the  gradu-  "''■  lo— Meinod  01  nnng 
ated  scale  is  shifted  to  any  por- 
tion of  the  field;  thus  it  is  possible  to  place  the  lin 
over  the  object  to  be  measured  (Fig,  10). 


1  directly 


Let  us  suppose  that  it  requires  twenty-five  of  these  lines  of 
the  graduation  to  equal  the  length  of  the  object,  a  one-fifth  objec- 
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tive  being  employed.  Remove  this  one-fifth  objective  and  plax:e 
in  its  stead  a  one-sixth  objective.  It  will  now  be  found  that  thirty 
or  more  of  the  lines  of  the  eye-piece  micrometer  are  necessary 
to  equal  the  length  of  the  object.  In  other  words,  the  number 
of  lines  required  for  a  certain  object  depends  entirely  upon  the 
magnification  accomplished  by  the  objective  employed.  The 
ocular  micrometer  enables  one  to  determine  the  length  or  breadth 
of  a  given  microscopic  object  when  this  object  is  subjected  to 
a  definite  degree  of  magnification. 

The  value  of  a  definite  number  of  lines  graduated  on  the  eye- 
piece micrometer  that  were  found  to  equal  the  length  of  a  given 
object  is  determined  through  the  use  of  a  stage  micrometer  (Fig. 
ii).  Upon  the  center  of  this  glass  slide  is  seen  a  graduation 
in  hundredths  and  thousandths  of  an  inch.  The  stage  microm- 
eter is  now  to  be  subjected  to  the  same  degree  of  magnifica- 
tion that  has  been  employed  for  the  study  of  the  object  to 
be  measured.  The  question  of  determining  the  measurement 
of  the  object  in  inches  is  but  a  matter  of  ascertaining  what  frac- 
tional portion  of  an  inch  on  the  stage  micrometer  is  equivalent 
to  the  given  number  of  lines  of  the  ocular  micrometer.  This 
is  best  accomplished  by  rotating  the  ocular  micrometer  until  its 
lines  are  parallel  with  the  Unes  on  the  stage  micrometer. 

The  measurement  of  bacteria  is  scarcely  practicable  for 
clinical  research,  and  the  above-outlined  method  is  given  more 
particularly  for  the  measurement  of  animal  parasites  and  their  ova. 

RINGING  OF  SPECIMENS. 

The  ringing  of  microscopic  specimens  (surrounding  the  cover- 
glass  with  a  narrow  band  of  microscopic  cement)  is  employed 
whenever  it  is  desired  that  a  specimen  be  kept  for  an  indefinite 
period.  Specimens  that  are  to  be  ringed  should  be  mounted  in 
a  Hberal  quantity  of  Canada  balsam,  in  order  that  the  balsam 
extend  just  beyond  the  margin  of  the  cover-glass  at  all  points 
of  its  periphery.  The  accompanying  illustration  (Fig.  12)  will 
serve  to  describe  the  instrument  employed  for  this  purpose. 

Anchor  the  slide  to  be  ringed  upon  the  revolving  table  of  the 
ringer  by  means  of  clamps,  care  being  taken  to  shift  the  slide 
so  that  its  center  is  at  the  center  of  the  table  (see  fine  Unes,  Fig. 
12).  Grasp  a  small  camel's-hair  brush  between  the  thumb 
and  index-finger  of  the  left  hand,  and  dip  the  tip  of  the  brush 
into  the  microscopic  cement  and  then  rest  the  wrist  firmly  upon 
the  ringer,  allowing  the  tip  of  the  brush  to  near  the  margin  of 
the  cover-glass.     Hold  the  brush  steadily,  and  rotate  the  circular 
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table  of  the  ringer  rapidly;  then  lower  the  tip  of  the  brush  to 
touch  the  margin  of  the  cover. 

Caution. — The  circular  table  must  be  rotated  with  rapidity, 
and  a  liberal  amount  of  cement  be  present  up<m  the  tip  of  the 


brush.  It  has  been  my  custom  to  place  the  ringer  upon  its  side 
(the  slide  placed  in  poshionj,  and  to  press  the  small  wheel  of 
the  ringer  against  the  moving  band  of  a  sewing-machine. 

Specimen  slides  ringed  in  ihis  manner  have  been  in  my  col- 
lection for  a  period  of  seven  years. 


CHAPTER  I. 

THE  BLOOD. 

It  is  our  purpose  in  this  chapter  to  describe  briefly  the  phy- 
siology of  the  blood,  and  to  give  in  detail  the  technic  of  available 
methods  for  its  recognition  and  clinical  study,  by  which  methods 
we  may  gain  diagnostic  and  prognostic  knowledge.  Included 
will  be  found  remarks  upon  the  blood-changes  induced  by  disease. 
This  subject  will  be  taken  up  under  the  following  heads: 

(a)  Tests  for  the  recognition  of  blood. 

(b)  Estimation  of  the  total  volume  of  blood  and  of  its  oxygen- 
carrying  capacity. 

1.  Microscopic  study  both  with  and 
without  the  warm  stage. 

2.  Estimation  of  the  relation  of  the 
volume  of  the  corpuscles  to  that 
of  plasma. 

3.  Ascertainment  of  the  specific 
gravity  of  the  blood. 

(c)  Study  of  fresh  blood :  (  4.  Estimation  of  the  time  necessary 

for  coagulation. 

5.  Estimation  of  the  amount  of  color- 
ing-matter and  of  the  blood- 
pigments. 

6.  Counting  of  the  red  and  white 
corpuscles. 

7.  Reaction  of  the  blood. 

(d)  Composition  of  the  whole  blood. 

(e)  Ascertainment  of  the  freezing-point  (cryoscopy). 
(/)   The  osmotic  properties  of  the  blood. 
(g)  Study  of  smears,  dried  and  stained. 
(h)  Bacteriologic  examination  of  the  blood. 
(i)   Abnormalities  of  the  serum  and  serum -diagnosis, 
(/)  Special  pathology  of  the  blood. 
(k)  Parasitology  of  the  blood. 
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TESTS  FOR  THE  RECOGNITION  OF  BLOOa 

The  most  delicate  and  decisive  test  for  blood  is  the  demonstra- 
tion of  the  red  blood-cells  under  the  microscope,  and  next  in  order 
should  be  classed  spectroscopic  study  (see  Hemoglobin^  page  41). 

Teichmann's  Test. — Collect  a  small  portion  of  the  suspected 
substance  or  debris,  and  place  upon  the  center  of  a  slide;  add  a 
few  drops  of  salt  solution,  macerate,  and  mix  well.  Evaporate 
the  mixture  to  dryness,  moisten  the  residue  with  glacial  acetic 
acid,  and  apply  a  cover-glass.  Heat  one  end  of  the  slide  gently 
over  a  flame  (avoid  boiling).  While  the  slide  is  being  heated, 
allow  a  drop  of  glacial  acetic  acid  to  run  in  from  the  edge  of  the 
cover-glass  from  time  to  time,  cool,  and  examine  under  the  micro- 
scop>e  for  hemin  crystals  (Plate  i). 

Caution. — Excessive  heat  prevents  the  formation  of  hemin 
crystals  by  driving  off  free  HCl.  Too  much  heat  also  produces 
alterations  in  the  albumins  which  may  retard  and  at  times  pre- 
vent the  formation  of  crystals. 

Guaiacum  Test. — Prepare  an  aqueous  solution  of  the  sus- 
pected substance  and  to  it  add  a  few  drops  of  tincture  of  guaiacum, 
which  gives  it  a  milky  precipitate.  Add  a  few  drops  of  hydrogen 
peroxid  (or  Merck's  oil  of  turpentine) — in  the  presence  of  blood- 
pigment  a  distinct  blue  color  is  immediately  produced. 

Caution. — The  tincture  of  guaiacum  should  be  freshly  made 
and  diluted  to  the  color  of  sherry  wine.  This  test  is  capable  of 
demonstrating  one  part  of  fresh  blood  in  several  thousand  parts 
of  water,  and  may  be  employed  in  the  study  of  feces,  p.  360. 


ESTHIATION  OF  THE  TOTAL  VOLUME  OF  THE  BLOOD. 

The  limits  of  error  in  the  various  methods  for  the  total  esti- 
mation of  the  blood  are  equally  great  with  those  of  the  physio- 
logic and  pathologic  variations,  therefore  it  is  questionable  whether 
any  known  methods  are  of  great  clinical  value.  Haldane  and 
Smith,  however,  have  suggested  a  method  which  bids  fair  to  stand 
the  test  of  criticism. 

Haldane  and  Smith  Method. — (a)  The  patient  is  per- 
mitted to  inhale  a  measured  volume  of  CO,  and  after  three  minutes 
a  few  drops  of  his  blood  are  withdrawn  for  analysis,  and  the  degree 
to  which  the  hemoglobin  is  found  to  be  saturated  with  this  gas 
is  then  estimated.* 

♦''Jour,  of  Physiology,"  vol.  xxii,  p.  232;  also  vol.  xxv,  p.  331. 
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(6)  The  degree  to  which  the  blood  has  been  saturated  by  CO 
is  now  known,  and  the  quantity  of  this  gas  which  may  be  taken 
by  the  whole  of  the  patient's  blood  is  then  estimated.  Let  us 
suppose  that  150  c.c.  of  carbonic  oxid  has  been  administered, 
and  that  the  blood  is  found  saturated  to  the  extent  of  25  per  cent., 
in  which  case  it  is  readily  seen  that  600  c.c.  would  have  been 
required  had  the  blood  been  completely  saturated,  or  the  total 
capacity  for  CO  and  likewise  for  oxygen  is  600  c.c. 

(c)  In  order  to  estimate  the  oxygen  capacity  per  100  c.c.  in 
any  given  sample  of  blood  accurately,  its  color  is  compared  with 
an  equal  volume  of  ox  blood  whose  oxygen  capacity  has  been 
estimated;  e.  g,,  after  the  patient  has  absorbed  100  c.c.  of  CO 
his  blood  is  found  to  be  one-fifth  saturated  by  this  gas;  therefore 
the  total  capacity  for  CO  or  for  oxygen  is  500  c.c.  Furthermore, 
this  patient's  blood  is  found  to  present  the  same  color  as  that 
of  ox  blood,  of  which  every  100  c.c.  has  been  found  capable  of 
taking  up  20  c.c.  of  oxygen.  This  patient's  total  oxygen  capacity, 
500  c.c,  when  divided  by  the  oxygen  capacity  of  every  100  c.c, 
gives  the  patient's  total  oxygen  capacity  (2500  c.c);  we  divide 
this  sum  by  the  oxygen  capacity  of  100  c.c  of  his  blood,  which 
is  20,  and  derive  25.  This  figure  25  is  the  factor  for  the  number 
of  cubic  centimeters  of  blood  in  the  body  (2500). 

Smith,  as  a  result  of  a  series  of  estimates,  gives  the  average 
in  health  as  3420  gm.  In  the  normal  cases  studied  he  found 
this  figure  to  vary  from  2830  to  4550  gm.,  or  in  a  ratio  of  one- 
thirtieth  to  one-sixteenth  of  the  body-weight. 

STUDY  OF  THE  FRESH  BLOOD* 

PREPARATION  OF  SLIDES  AND  COVER-GLASSES- 

Both  slides  and  cover-glasses  should  be  cleansed  for  use  in 
the  following  manner:  Place  a  number  of  cover-glasses  or  slides 
in  a  glass  containing  warm  water  and  soap,  when  they  should 
be  stirred  with  a  glass  rod,  after  which  each  cover  or  slide  is 
removed  separately,  placed  upon  a  thin  handkerchief,  and  rubbed 
gently  between  the  thumb  and  forefinger.  After  it  is  thoroughly 
dried,  it  should  be  dropped  into  a  second  glass  containing 
warm  water.  After  all  the  covers  have  been  transferred  in  this 
manner  from  the  soap  and  water  to  the  second  glass,  they  are 
again  stirred  by  the  glass  rod,  and,  receiving  the  same  manner 
of  treatment,  are  transferred  to  a  third  glass,  which  contains  70 
per  cent,  alcohol.  The  treatment  in  the  alcohol  should  be  the 
same  as  above  outlined,  after  which  these  cover-glasses  are  placed 
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in  a  wide-mouthed  bottle  containing  equal  parts  of  alcohol  and 
ether,  in  which  solution  they  are  kept  for  use. 

Caution. — All  cover-glasses  and  slides  should  be  removed  from 
the  solution  in  which  they  are  kept  by  means  of  clean  forceps. 
They  should  then  be  dried  with  a  soft  linen  or  silk  handkerchief, 
and  placed  separately  in  a  Petri  dish,  the  bottom  of  which  has  been 
neatly  covered  with  a  piece  of  filter-paper.  After  the  desired 
number  of  slides  or  covers  have  been  removed,  the  dish  is  covered 
and  set  on  a  warm  stage  or  in  an  incubator,  in  order  that  the  slides 
may  be  warm  when  the  blood  is  applied — a  condition  which 
materially  facilitates  securing  an  equal  distribution  throughout 
the  smear. 

Clinical  Blood  Reports. — The  following  is  a  copy  of  the 
blank  used  by  me  for  clinical  blood  reports  in  the  Clinical  Labora- 
toTv  of  the  Medico-Chirurgical  College,  Philadelphia: 

Name: 

Spwimen  Receivwl  at  Laboralon- :  Mo.  Day  Hour  .M. 

Date  of  Examination : 

BLOOD  EXAMINATION. 

Percentage  of  Hemoglobin: 

Color-index: 

Number  of  Red  Corpuscles  in  1  c.mm.: 

Description: 

{Normoblasts 
Microblasts 
Megaloblasts 
Numbt-r  of  Leukoivtes  in  i  c.mm.: 

DitTtTt-ntial  Count  Based  on  Percentage  in  Coq)uscles: 

Small  Lymf)h(x:ytes 
Large  Lymphocytes 
Polymorphonuclear  Neutrophils 
Transitional  Forms 
ICosinophils 
Basophils 
Myelocytes 

Eosinophilic  Myelocyte 
Other  Forms 

Plasmcxlia  <^f  Malaria: 

Widal  Typhoid  Reaction: 

Other  Serum  Reactions: 

Bacteria  Found  (by  Spreads  or  by  Cultures): 

.-Mkalinity: 

Blfxxl-plates  in  i  c.mm.: 

Coagulation  Time: 

COLLECTION  OF  BLOOD. 

The  points  of  election  for  the  collection  of  blood  are  the  lobe 
of  the  ear  and  the  under  surface  of  the  finger  near  its  tip;  and  the 
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method  to  be  described  is  employed  in  all  clinical  work  except 
bacteriologic  study  (see  BacUriology  oj  Blood,  page  109). 

Tile  first  step  in  the  collection  of  blood  is  made  as  follows: 
Should  the  tip  of  the  finger  be  chosen,  cleanse  the  tip  with  water, 
rub  gently  with  a  soft  cloth,  and  later  moisten  with  ether.  After 
the  ether  has  evaporated,  the  finger  is  grasped  between  the  thumb 
and  index-finger  of  the  left  hand,  and  the  instrument  with  which 
ihe  puncture  is  to  be  made,  having  first  been  cleansed  with  water 
and  alcohol,  is  quickly  plunged  into  the  tip.  The  depth  of  this 
puncture  should  vary  with  the 
thickness  of  the  skin  (one-eighth 
to  one-fourth  of  an  inch).  Gentle 
pressure  may  be  applied  to  start 
the  blood  liowing,  after  which 
four  or  five  drops  of  the  first 
blood  exuded  should  be  removed 
with  a  soft  handkerchief.  When  the  ear  is  chosen,  the  same  pre- 
cautions are  to  be  observed.  The  puncture  may  be  made  with 
Daland's  blood-lancct  (Fig.  13),  which  it  has  been  my  practice  to 
employ,  or  with  a  new  steel  pen  after  one  nib  has  been  broken 
away.     .\  round  pointed  needle  should  not  be  embayed. 

Caution. — .Avoid  pressure,  since  it  causes  a  diminished  num- 
ber of  the  cellular  elements  to  exude  in  connection  with  a  large 
amount  of  scrum. 


Immediate  Examination. — .'^fter  the  first  four  or  five  drops 
of  blood  have  been  removed  by  the  handkerchief  and  a  rather 
largc-siKcd  drop  exudes  spontaneously,  the  cover-glass  (Fig,  14) 
(which  has  been  warmed)  is  held 
by  its  C'dge  between  the  thumb  and 
index-finger,  and  the  summit  of  the 
drop  of  blood  is  allowed  to  touch 
ihe  center  of  the  cover-glass,  care 
being  taken  that  the  surface  of  the 
glass  docs  not  come  in  contact  with 
the  skin.  The  cover-glass  is  allowed 
to  fall  gently  upon  the  center  of  a 
slide  (Fig.  15^,  the  weight  of  the  cr 
to  spread  between  it  and  the  slide. 

Caution. — When  pressure  is  used  to  spread  the  bloo<l,  reliable 
deductions  cannot  be  dmwn  from  the  microscopic  appearance  of 


sing  the  blood 
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such  specimens,  since  pressure  is  liable  lo  cause  dislonion  of  the 
cellular  elemenls.  The  slide  may  now  be  carried  to  ihe  micro- 
scope and  examined  by  any  power  objective  desired. 

Smears. — When  smears  are  lo  be  made,  ihe  above  process 
is  modified  only  in  that  the  cover-glass  with  lis  specimen  of  blood 


is  allowed  to  fall  upon  another  cover-glass  in  such  a  manner 
that  the  margin  of  the  one  projects  beyond  that  of  the  other,  and 
after  the  blood  has  spread,  these  overlapping  margins  are  grasped 
belwcen  the  thumb  and  index-finger  of  each  hand  and  separated 
by  pulling  on  the  horizontal  (Fig.  i6).  They  arc  then  laid  upon 
a  flat  surface,  specimen  up,  and  allowed  to  dry  in  the  air;   after 


which  they  may  be  placed  together  and  kept  for  an  indefinite 
period  without  further  treatment. 

A  method  which  I  have  found  more  satisfactory  for  the  be- 
ginner and  for  class  work  is  to  make  the  smears  upon  slides. 
The  slide  upon  which  the  smear  is  to  be  made  is  laid  upon  the 
table,  and   a  second   slide   is   grasped  belwcen  the  thumb  and 
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index- fmgcr,  and  one  edge  of  this  slide  is  brought  in  contact 
with  the  summit  of  the  drop  of  blood  in  such  a  manner  that  the 
blood  collects  on  its  under  surface  and  edge.  The  second  slide 
is  now  placed  at   right  angles  to  the   first   (which    rests  upon 


I'iK.  17.  — Method  ot  snieHriiijb:  tiesli  liitNMi  011  the  slide. 


l"ij^.  i"».  — "tini*  ir«  h-s  oi  i  i-dar  «»il  01  of  vascliii  al  tciilfT  of  sli«lc;  «  ovrr-nla^s  Inmi  wlucli  ilrop 

t)f  blood  Is  suspfiidcd 


the  table)  imd  so  tilted  as  not  lo  cali  li  the  cor|)Uscles  between 
the  e(l<^e  of  the  second  and  the  surfarc  of  thr  first  slide  (Fig.  17); 
then  it  is  forcil)ly  drawn  over  the  surface  of  the  slide  for  its  entire 
leiii^th.  The  ol)jeel  is  to  transfer  the  droj)  of  l)lood  collected 
on  the  edge  of  the  second  slide  tg  the  surface  of  the  first  sHde  by 
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allowing  it  to  trail.  It  requires  far  less  skill  to  make  good  spreads 
by  this  method  than  by  the  use  of  cover-glasses. 

Life  of  the  Blood-cells. — Death  of  the  cells  may  not  occur 
for  several  hours  when  the  cover-glass  and  specimen  have  been 
placed  up)on  a  slide  as  previously  described ;  but  when  it  is  desired 
that  the  cell's  death  be  deferred  further,  the  following  method 
in  addition  to  preserving  life,  prevents  coagulation  as  well  as 
distortion  of  the  cells  over  a  much  longer  period.  Estimating 
approximately  the  size  of  the  cover-glass  to  be  used,  an  incom- 
plete narrow  band  of  cedar  oil  or  vaselin  is  made  upon  the  center 
of  the  slide,  the  oil  being  distributed  to  form  two  semicircles  whose 
diameters  are  separated  for  a  distance  of  one-eighth  of  an  inch 
(Fig.  18).  The  cover- glass  containing  the  blood  is  now  allowed 
to  fall,  specimen  down,  upon  the  oil,  when  by  its  weight  the  oil 
from  the  two  hemispheres  is  forced  to  unite,  forming  a  complete 
ring,  hermetically  sealing  the  specimen. 

Caulian. — A  complete  ring  of  vaselin  causes  more  air  to  be  re- 
tained with  the  specimen  and  thereby  favors  destructive  changes. 

In  studying  the  various  animal  parasites  of  the  blood  this 
method  is  most  satisfactory,  and  is  also  useful  in  studying  rouleaux 
formation.  The  filaria  and  the  malarial  organism  may  in  this 
way  be  kept  alive  for  a  long  time. 

MICROSCOPIC  STUDY  OF  FRESH  BLOOD. 

Fresh  blood  collected  for  study  in  either  of  the  methods  pre- 
viously described  may  be  placed  on  a  warm  stage  or  in  an  incubator; 
or,  better  still,  upon  the  microscope,  which  is  placed  with  its 
specimen  in  a  warm  oven  and  removed  from  time  to  time  for 
examination. 

The  character  of  the  blood  as  it  exudes  from  the  incision  is 
worthy  of  special  consideration,  since  it  flows  more  readily  than 
usual  in  such  conditions  as  peripheral  congestion,  vasomotor 
dilatation,  decided  fluidity  of  the  blood,  chlorosis,  certain  anemias, 
and  hemophilia.  Blood  usually  flows  sluggishly  in  such  con- 
ditions as  extreme  anemia  (primary  or  secondar)^),  after  hemor- 
rhage, diarrhea,  cholera,  exposure  to  cold,  hysteria,  uremia,  vaso- 
motor spasm,  and  in  increased  coagulability. 

Microscopically  we  may  detect  the  Plasmodium  malaria*, 
Filaria  sanguinis  hominis,  spirochaite  of  relapsing  fever,  tr}'pano- 
soma,  Piroplasma  hominis,  and  rouleaux  formation.  Again,  but 
with  far  less  accuracy,  we  may  determine  whether  the  blood  contains 
an  excess  of  fibrin,  whether  there  is  decided  anemia,  leukocytosis, 
or  a  deficiency  or  excess  of  hemoglobin ;  we  may  make  an  apj)roxi- 
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mate  cstimaiion  of  blood-plalL'S,  and  delertnint-  whether  the  red 
cells  display  any  abnormality  as  to  size  and  form.  It  requires 
a  thoroughly  skilled  microscopist  to  detect  with  certainty  the 
existence  of  these  latter  named  conditions,  and  perfection  in  this 
particular  can  be  attained  only  by  actual  experience.  The  ame- 
boid movements  of  the  leukocytes  and  the  malarial  parasite, 
the  irregular  contraction  of  dying  protoplasm,  which  causes  false 
motions  in  certain  of  the  crenated  points  of  normal  red  cells, 
and  the  Brownian  movement  of  the  protoplasm  of  corpuscles, 
must  be  carefully  distinguished.  Language  seems  inadequate 
to  describe  these  differences  dL-fmilcly, 


This  is  accomplished  by  means  of  the  hematocrit,  which  was 
first  suggested  by  Blix,  and  has  undergone  several  modifications; 
until  the  present  instrument,  as  suggested  by  Judson  Daland, 
appears  to  meet  the  demands  necessary  for  clinical  investigation, 
lis  direct  object  Is  to  ascertain  the  relative  volume  of  the  corpuscles 
and  of  the  plasma  in  a  given  quantity 
of  blood.  Many  of  its  advocates, 
however,  contend  that  il  will  replace 
the  Thoma-Zeiss  instrument  in  the 
estimation  of  the  red  cells,  but  as 
yet  it  has  not  displaced  this  instru- 
ment in  either  foreign  or  American 
laboratories.  It  must  be  admitted 
that  Uaiand's  claims  for  the  instru- 
ment are  correct,  and  that  for  clinical 
purposes  the  red  cells  can  be  closely 
t^limated  with  sufficient  accuracy, 
txccpt  in  cases  where  a  high  grade 
Fig,  ,5 -Ewiitc  «niriruKt  wiih  rhto-     "f  leukocytosis  exists  (leukemia). 

*'^'-  The  improved  electric  centrifuge 

consists  of  an  iron-clad  motor  (Fig, 
19)  carrying  an  armature  or  horizontal  bar,  which  may  be  re- 
placed by  the  bar  of  the  hematocrit  (Fig.  20).  .\  speed  indicator 
should  also  be  attached  which  strikes  a  bell  every  100  revolutions, 
and  a  rheostat  employed  to  control  the  current  and  speed,  A  speed 
of  8000  to  10,000  revolutions  may  be  obtained  by  the  street- 
current  or  from  a  small  battery.  The  centrifugalizing  should 
be  continued  for  from  two  to  four  minutes.  Less  satisfactory 
results  are  to  be  gained  by  the  employment  of  the  hand  centrifuge 
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Pig,  2 1 1.     The  liematocril  armature  contains  two  capillarj-  lubes, 
which  are  held  in  position  by  springs  {Fig.  ao). 

Process. — When   it    is   possible  for  the   patient   to   come   to 
the  laboratorj',   fresh   blood   is  used.     The  capillary  tubes  are 


removed  from  the  armature  and  fdled  by  hnli 
zonlally  and  touching  its  tip  to  the  summit  of  a 
of  blood.     It  is  then  inserted  into  the  armalurt 
20,  the  opposite  tube  filled  with  water, 
and   the  centrifugalizing  begun  before 
the  blood  has  had  time  to  coagulate. 

In  estimating  the  blood  of  patients 
situated  at  a  distance  it  is  necessary  to 
dilute  the  blood  in  a  2.5  per  cent,  solu- 
tion of  potassium  bichromate  (Daland). 
A  dilution  to  one-half  with  this  solution 
is  accomplished  by  using  either  the  white 
cell  or  the  red  cell  pi|K't  of  the  Thoma- 
Zeiss  hemocytometer.  In  this  instance 
it  may  be  well  to  till  both  tubes  of  the 
hematocrit  with  diluted  blood.  Healthy 
blood  after  it  has  been  centrifugalixed 
for  from  two  to  four  minutes  will  show  a 
sediment  registering  at  about  50  per 
cent,  (graduation  on  the  tube  of  tlic- 
hematocril).  One  per  cent,  represents 
about  1,000,000  red  corpuscles,  and, 
therefore,  it  is  necessary  to  add  five 
ciphers  to  the  percentage  volume  ffiund, 
thus  obtaining  the  number  of  red  cor- 
puscles in  I  c.mm.  of  undiluted  blood; 
e.  g.,  suppose  the  reading  on  the  gradu- 
ated lube  (see  Fig.  20)  is  40,  muhiply  this  figure  by  100, 


equals  4,000,000,  the  number  of  red  cells  in  1 


which 

mm.  of  undiluted 
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blood.  The  leukocytes  often  form  a  thin  band  at  the  central  end 
of  the  column  of  red  corpuscles  and  should  not  be  included  in  the 
reading. 

Daland  in  working  with  diluted  blood  concludes  that  the 
number  of  cells  for  each  degree  of  the  scale  should  be  placed  at 
99,390 — practically  100,000.  When  undiluted  blood  is  used  in 
the  estimation,  there  appears  to  be  greater  liability  to  error.  The 
size  of  the  red  cells  differs  widely  in  the  various  forms  of  anemia, 
and  such  differences  must  influence  the  readings  obtained  by  the 
hematocrit. 

For  description  of  Wetheriirs  Torkrit  see  p.  523. 

ESTIMATION  OF  THE  SPECIFIC  GRAVITY. 

The  most  available  method  for  clinical  use  is  that  suggested 
by  Hammerschlag,  *  which  is  a  modification  of  Roy's  f  method. 

Hammerschlag's  Method. — Two  solutions  (chloroform  and 
benzol)  are  to  be  mixed  in  a  urinometer  glass  in  such  proportions 
that  the  specific  gravity,  taken  by  an  ordinary  urinometer,  is 
1.059,  or  that  of  normal  blood;  the  former  of  these  solutions  being 
heavier  than  blood,  the  latter  lighter.  The  finger  is  punctured, 
a  drop  of  blood  is  collected  in  a  Thoma-Zeiss  pipct,  and  a  drop  or 
two  blown  into  the  chloroform -benzol  solution.  The  blood 
shows  no  tendency  to  mix  with  this  solution,  but  floats  as  a  ruby 
bead.  Should  the  beads  sink  to  the  bottom,  chloroform  is  added, 
and  should  they  rise  to  the  top,  benzol  is  added  drop  by  drop 
until  the  blood  remains  stationary  in  the  body  of  the  liquid. 
Since  the  specific  gravity  of  the  blood  is  that  of  its  surrounding 
mixture,  take  the  specific  gravity  of  this  liquid  by  means  of  an 
ordinary  urinometer  and  the  graduation  figure  obtained  equals  the 
specific  gravity  of  the  blood. 

Caution. — Add  chloroform  or  benzol  a  few  drops  at  a  time, 
stirring  with  a  glass  rod  after  each  addition.  Avoid  having  any 
air  with  the  drop  of  blood.  Rapidity  is  necessary;  and  a  urin- 
ometer with  a  scale  graduated  to  1.070  is  best  for  this  purpose. 

The  specific  gravity  of  the  blood  has  been  found  to  bear  certain 
parallels  with  the  percentage  of  hemoglobin,  yet  this  may  not  be 
constant.  The  specific  gravity  of  the  plasma  varies  but  little  except 
in  dropsy,  and  in  the  corpuscles  themselves  the  variable  element  is 
the  hemoglobin.  In  most  non-dropsical  patients  the  specific  gravity 
of  the  whole  blood  bears  a  more  or  less  direct  relation  to  the 
hemoglobin.  In  leukemia  the  specific  gravity  is  relatively  higher 
than  the  hemoglobin,  and  is  dependent  upon  the  weight  of  the 
leukocytes;    while   in    pernicious   anemia,  where   a    high    color- 

*"Wien.  mod.  Wochensrh.."  1890,  vol.  iii,  p.  1018. 
t  "Proceedings  Phys.  Soc.,"  1884. 
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index  is  to  be  found,  the  hemoglobin  is  slightly  higher  ihan  one 
would  gage  it  from  the  specific  gravily.  The  accompanying 
table  will  enable  one  to  estimate  Ihc  value  of  a  given  specific 
gravity  in  per  cent,  of  hemoglobin,  according  to  Schmaltz: 


Wright's  Coagulometer.— This  instrument  (Fig.  22)  is 
composed  of  a  cenind  metal  cylindric  can,  surrounding  which 
is  a  closely  fitting  leather  case  containing  nine  small  pockets,  each 
lined  with  flannel.  One  of  these  pockels  holds  a  thermometer 
graduated  to  50°  C.  (Fig.  22).  The  remaining  pockets  ser\'e  as 
receptacles  for  the  capillan.'  blood  pipets.  Each 
pipet  is  comjjosed  of  clear  glass,  is  about  10  cm. 
in  length,  and  has  a  lumen  of  0.25  mm. 

Method. —  I.  Fill  the  cylinder  with  water  at 
the  boily-temperature  (37°  C. — 98^°  I'~.i. 

2.  Label  the  tubes  a,  b,  c,  elc,  and  pLice 
them  in  the  pockels,  and  when  ihey  are  warmed, 
obtain  a  rather  large  drop  of  blo<Kl  from  the  lip 
of  the  finger  and  from  it  fill,  by  aspiration,  tulw 
(al  to  one-half  ils  capacity  and  immediately 
place  this  tube  in  its  pocket. 

Caution. — \ote  the  time  of  filling  tube  la- 
beled (a)  and  also  record  the  condition  of  its 
bl(x)d  when  examined  three  minutes  later. 

3.  In  a  like  manner  several  of  the  tubes  are 
t'lUed  with  blood  at  inler^■als  of  one  minute.  '^^'"...i'.Jiu'ir.mr'l.^'"'' 

4.  Remove  ihc  tubes  from  the  instrument  at 

different  lengths  of  lime  after  the  bl(M«l  has  been  withdrawn, 
and  endeavor  to  force  the  blood  fn)m  the  tube  by  blowing.  The 
lime  necessary  for  the  blixxl  to  cliU  in  the  lube  is  regarded  as 
the  coaguhtlion  Hmr. 

Cleansing  the  tubes  is  accomplished  by  passing  a  fine  wire 
into  the  lube  and  breaking  the  clot,  after  which  the  tubes  are 
washed  wlih  water,  alcohol,  and  lastly  with  ether. 

For  description  of  Biff's  Hemogelometer  see  p.  523. 

HEMOGLOBIN. 
This  jiroieid  contains  nearly  qb  per  cent,  of  albumin  and  4 
pt-r  cenl.  of  pigment  (hcmochromogen).     In  the  red  cells  hemo- 
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globin  probably  exists  in  combination  with  the  nucleoproteid  of 
the  stroma.  The  characteristics  of  this  union  are  not  understood, 
yet  it  certainly  renders  hemoglobin  practically  insoluble,  con- 
centrated, and  capable  of  forming  with  great  rapidity  indefinite 
compounds  with  oxygen.  The  chemic  composition  of  hemoglobin 
is  both  complex  and  variable.  Its  spectroscopic  relations,  how- 
ever, are  constant;  and  while  in  the  circulation  it  exists  in  the 
veins  principally  as  reduced  hemoglobin;  and  in  the  arteries, 
on  account  of  molecular  union  with  oxygen,  as  oxyhemoglobin. 
Each  gram  of  saturated  oxyhemoglobin  contains  1.16  c.c.  of 
oxygen,  but  this  degree  of  saturation  varies  greatly.  Blood 
titrated  with  a  standard  solution  of  tartaric  acid  does  not  give  the 
characteristic  absorption-bands  of  oxyhemoglobin,  methemoglobin, 
and  carbon-monoxid  hemoglobin  after  the  alkalinity  is  neutralized 
(Dare). 

Oxyhemoglobin  is  non-diffusible,  of  a  bright  red  color,  and 
while  it  crystallizes  with  difficulty,  may  form  yellowish-red  rhombic 
plates  which  arc  readily  soluble  in  water  and  in  weak  solutions  of 
the  alkaline  carbonates.  They  are  insoluble  in  strong  alcohol, 
ether,  carbon  disulphid,  benzol,  and  chloroform.  Labbe  *  found 
an  increased  quantity  of  oxyhemoglobin  in  the  new-born,  ranging 
from  15  to  16  per  cent.  During  the  first  ten  days  of  extra-uterine 
life  it  falls  to  14  per  cent.  Such  bloods  likewise  contain  a  high 
percentage  of  reduced  hemoglobin. 

Reduced  hemoglobin  is  of  a  dark  cherry- red  color,  but  after 
high  dilution  it  may  display  a  greenish  tint.  It  is  not  readily 
crystallized,  but  is  more  freely  soluble  than  is  oxyhemoglobin. 
It  is  demonstrable  in  the  blood  of  asphyxia  and  in  the  new-bom. 

Hemoglobinemia  (hemocytolysis)  is  a  condition  charac- 
terized by  a  solution  of  the  hemoglobin  in  the  plasma;  and  in 
man  is  a  pathologic  condition  which  probably  results  from  lowered 
vitality  of  the  erythrocytes,  and  also  from  abnormalities  in  the 
plasma  (see  Viscosity,  page  88).  Diminished  resistance  of  the  red 
cells  may  be  found  to  accompany  the  hemoglobinemia  following  ex- 
tensive burns  (see  Isotonic  Tension,  page  73),  while  the  hemoglo- 
binemia seen  after  poisoning  may,  in  part  at  least,  be  due  tp 
changes  in  the  serum. 

Methemoglobin  displays  a  brownish-red  color,  and  crystal- 
lizes as  brownish- red  needles,  prisms,  and  hexagonal  plates.  It 
is  readily  soluble  in  water  and  contains  about  the  same  proportion 
of  oxygen  as  oxyhemoglobin,  but  the  oxygen  appears  to  have 
formed  a  rather  firm  union.  It  is  observed  in  connection  with 
poisoning. 

♦"Revue  de  medecine,"  Dec.  lo,  1900  (2ome  Annee,  No.  12). 
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Carbonic-ozid  hemoglobin  i^  ilic  name  given  to  hemoglobin 
containing  CO,  which  givt-s  the  blood  a  rose-red  or  bluish  color, 
lis  [Tystais  display  a  slight  bluish  tint,  and  are  not  easily  dissolved, 
ll  is  mel  with  after  poisoning  by  the  inhalation  of  illuminating 
gas,  and  may  remain  in  the  blood  fur  a  period  of  several  days. 

Hematio  (Plate  i)  appears  in  the  feces  after  gaslro-intesiinal 
hemorrhage,  in  bloody  transudates  and  effusions,  and  in  ihe  urine 
after  poisoning  with  arsenic. 

Hematoidin  is  a  derivative  of  hemoglobin,  and  appears  either 
as  needles  or  rhombic  plates  which  are  of  a  light-  or  dark-orange 
hue,  soluble  in  ether,  carbon  disulphid,  ammonium  disuiphid,  and 
chloroform.  It  absorbs  most  of  the  violet  end  of  the  spectrum, 
but  does  not  contain  iron  (P"ig.  24). 

Hematoidin  occurs  in  bloixly  exudates  of  long  standing  and  in 
the  urine  after  traumatism  to  the  kidney  (Yarrow).     {See  Plate  17.) 

Hemosiderin  resuhs  from  the  destruction  of  hemoglobin;   is 


amorphous,  and  occurs  in  the  viscera  after  extensive  Mood  de- 
struction. 

Melanin  is  a  yellowish- brown  or  black  pigment,  insoluble  in 
water,  alcohol,  chloroform,  ether,  and  weak  acids.  Il  is  soluble 
in  strong  alkalis,  destroyed  by  heal,  and  does  not  give  reactions 
for  iron,  ll  results  from  Ihe  action  of  the  malarial  parasite  upon 
the  hemoglobin,  and  should  be  distinguished  from  other  pigments 
which  may  or  may  not  contain  iron,  and  whose  origins  are  un- 
known. 

Spectroscopic  Examination  of  the  Blood. — Spectroscopic 
examination  of  ihe  bloiwi  serves  as  the  most  reliable  test  for  the 
recognition  of  bltwd  pigments,  and  also  for  the  determination  of 
the  particular  form  of  pigment.  A  one  per  cent,  solution  of  fresh 
blood  is  found  to  produce  distinct  absorption- bands,  and  when 
the  blood  has  become  dried,  it  is  necessary  to  dissolve  it  by  macer- 
ating in  acetic   acid.     With   such  blood   the   spectrum   of  acid 
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hematin  is  obtained.  Blood  from  recent  clots  may  be  dissolved 
in  water.  When  heat  has  been  applied  to  the  blood,  macerate  in 
a  solution  of  ammonia,  when  the  spectrum  of  reduced  or  alkaline 
hematin  appears  (Fig.  24).  Browning's  spectroscope  (Fig.  23) 
will  be  found  satisfactorj'  when  strong  daylight  or  gaslight  is  em- 
ployed. A  collar  serves  to  enlarge  or  diminish  the  aperture,  and 
will  be  found  necessan'  in  different  strengths  of  light;  also  when 
fluids  of  different  opacities  are  used.  Fraunhofcr's  lines  are 
brought  into  focus  by  careful  adjustment  of  the  tube.     Fluid  lo 


L 


be  examined  should  be  placed  in  small  glass  vials  with  flattened 
surfaces.  The  spectrum  of  fresh  arterial  blood  is  that  of  oxyhemo- 
globin, and  shows  two  absorption -bands  between  D  and  E  (Fig. 
34):  one  of  these  isshaqj,  dark,  and  well-detined  near  the  orange, 
D;  the  other  is  wider,  less  sharply  defined,  and  rests  near  the 
green,  E.  The  indigo  and  most  of  the  blue  will  be  absorbed,  and 
in  strong  solutions  of  oxyhemoglobin  these  Iwo  bands  may  unite. 
In  case  ammonium  sulphid  is  added  to  such  solutions,  the 
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color  of  the  fluid  becomes  dark,  and  the  spectrum  changes  to  that 
of  reduced  hemoglobin^  when  one  band  of  absorption  occurs  be- 
tween D  and  E  (Fig.  24).  A  positive  indication  of  the  presence 
of  blood  is  that  the  spectrum  may  be  transformed  from  that  of 
oxj'^hemoglobin  to  that  of  reduced  hemoglobin  by  the  addition  of 
reducing  agents  to  the  solution.  Cochineal  and  ammoniated 
carmin  give  spectra  simulating  that  of  oxyhemoglobin.  The 
addition  of  boric  acid  to  a  solution  of  these  substances  causes 
their  spectra  to  be  displayed  by  the  blue,  while  the  spectrum  of 
blood  is  unchanged.  Other  of  the  vegetable  dyes  have  spectra 
simulating  those  of  blood,  but  these  become  pale  upon  adding 
sodium  bisulphite. 

Methemoglobin. — Hematin  is  produced  by  adding  acids  or 
strong  alkalis  to  reduced  hemoglobin.  In  acid  solution  its  spec- 
trum simulates  that  of  acid  methemoglobin,  while  in  alkaline  solu- 
tion it  gives  a  broad  band  at  D  (Fig.  24).  A  clinically  important 
change  is  that  of  oxyhemoglobin  into  methemoglobin,  w^hich  is 
detected  by  the  chocolate  color  of  the  blood,  and  in  acid  or  neutral 
solution  it  gives  four  absorption-bands:  one  rather  distinct  between 
C  and  D;  a  second  faint  narrow  band  in  the  yellow  just  to  the 
right  of  D ;  a  third  broad,  fairly  distinct  band  between  the  yellow 
and  the  green  just  to  the  left  of  E;  and  a  fourth  broad  band  to 
the  left  of  F,  which  sometimes  extends  beyond  the  line  F  into  the 
blue. 

Carbonic-ozid-hemoglobin  is  detected  in  cases  of  poison- 
ing by  illuminating  gas,  and  to  the  naked  eye  is  of  a  rose- red  color 
in  both  arterial  and  venous  blood.  A  one-half  of  one  per  cent, 
dilution  of  such  blood  gives  a  spectrum  that  differs  from  that  of 
oxyhemoglobin  only  in  that  its  bands  arc  broader  and  that  the 
band  at  D  is  displaced  to  the  right.  The  addition  of  ammonium 
sulphid  causes  the  spectrum  of  oxyhemoglobin  to  be  replaced  by 
that  of  reduced  hemoglobin,  while  that  of  carbonic-oxid-hemo- 
globin  is  unchanged. 

Corroborative  Tests. — Prepare  a  two  per  cent,  solution  of 
blood  and  to  it  add  a  few  drops  of  orange-colored  ammonium 
sulphid  containing  an  excess  of  sulphur;  add  a  few  drops  of  dilute 
acetic  acid,  and  shake  gently  to  effect  a  mixture.  Carbonic-oxid 
blood  is  recognized  by  displaying  a  rose- red  color,  and  disseminated 
throughout  the  mixture  are  seen  flocculi;  while  normal  blood 
assumes  a  greenish  or  reddish-gray  color.  This  test  may  be 
accomplished  in  a  test-tube.  A  dilute  solution  of  zinc  chlorid  or 
of  platinum  chlorid  gives  a  bright -red  color  with  carbonic-oxid 
blood,  while  normal  blood  is  changed  to  black.  By  diluting  the 
blood  solution  four  or  five  times  with  acetate  of  lead,  carbonic- 
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oxid  blood  changes  to  red,  while  normal  blood  becomes  chocolate. 
Diluting  a  neutral  solution  of  carbonic-oxid  hemoglobin,  a  clear 
red  coagulum  results;  while  oxyhemoglobin  turns  grayish-brown. 
Warming  the  blood  with  an  equal  amount  of  a  lo  per  cent.  NaOH 
solution,  normal  blood  becomes  a  dark  brownish  green;  while 
carbonic-oxid  blood  is  first  cloudy,  later  clear  red,  and  red  flocculi 
gather  on  the  surface. 

Dare's  Hemoglobinometer. — This  instrument  was  devised 
by  Arthur  Dare,  of  Philadelphia,  for  the  purpose  of  registering 
the  percentage  of  hemoglobin  in  the  undiluted  blood.  For  color- 
imetric  observations  with  this  instrument  the  drop  of  blood  is 


collected  by  capillary  attraction  into  a  chamber  of  definite  thick- 
ness and  of  sufficient  surface  for  a  color  field.  Illumination  is 
effected  by  candle  light.  Between  the  stratum  of  blood  and  the 
flame  of  the  candle  a  white  glass  slide  is  interposed  lo  diffuse  the 
direct  rays  of  light.  The  color  of  the  blood  is  compared  with  a 
graduated  color  prism — a  tinted  glass  which  represents  the  hemo- 
globin in  the  blood  examined.  The  blood  pipet  {Fig.  25,  D,  A,  B) 
when  filled  is  placed  into  a  special  receptacle  upon  the  side  of  the 
instrument  and  directly  between  the  eye-piece  and  the  flame  of  the 
candle.  After  the  candle  flame  (Y)  and  the  capillary  pipet  (W)  are 
properly  adjusted,  the  eye-piece  (U),  which  is  telescopic,  is  adjusted 
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to  accommodate  the  observer.  The  color  prism  is  changed  by 
using  the  milled  wheel  (R)  at  the  top  of  the  instrument.  By  this 
instrument  the  hemoglobin  is  estimated  in  a  much  shorter  time 
than  can  be  done  by  any  other  hemoglobinometer,  and  after  one 
has  become  thoroughly  proficient  in  reading  color  with  one  eye 
closed,  and  accustomed  to  the  necessary  variations,  I  see  no  reason 
why  Dare's  instrument  should  not  be  considered  a  valuable  addi- 
tion to  our  clinical  laboratory  apparatus. 

I  have  studied  the  blood  from  a  large  number  of  patients  from 
the  Medico- Chirurgical  Hospital  Dispensaries,  correlatively  using 
this  instrument  with  that  of  von  FleischI  and  of  Oliver,  and  while 
the  readings  obtained  by  Dare's  instrument  have  not  at  all  times 
agreed  with  those  obtained  by  the  other  instruments,  its  registra- 
tion has  always  been  sufficiently  close  to  enable  me  to  recommend 
it  to  the  profession.  Contrary  to  the  statements  commonly 
heard  concerning  Dare's  instrument,  my  experience  shows  that 
it  requires  more  time  and  attention  to  detail  to  teach  the  student 
to  estimate  hemoglobin  with  this  instrument  than  with  the  other 
instruments  considered.  From  ten  to  twelve  seconds  should  be 
the  time  for  observation. 

Oliver's  Hemoglobinometer. — Oliver's  instrument  enables 
us  to  estimate  more  closely  the  percentage  of  hemoglobin  than 
has  hitherto  been  accomplished  by  other  instruments  devised  for 
this  purpose.  It  consists  of  a  series  of  12  stained-glass  discs, 
corresponding  to  the  hemoglobin  percentages  from  10  to  120, 
which  are  arranged  in  two  rows  (Fig.  26).  This  instrument  as 
used  for  general  clinical  work  has  two  riders,  a  lighter  and  a 
darker.  Intermediate  shades  are  measured  bv  means  of  colored 
glass  riders  which  are  placed  on  top  of  the  primary  color  disc  to 
deepen  the  tint  seen,  and  make  it  correspond  to  that  of  the  grad- 
uated colored  disc.  A  capillary  pipet  (Fig.  33,  a)  is  used  to  collect 
the  blood,  which  is  washed  into  the  mixing  cell  (Fig.  26,  e)  by 
means  of  a  medicine  dropper  provided  with  a  rubber  tube  to  fit 
over  the  blunt  end  of  the  pipet.  The  mixing  cell  is  filled  to  the 
brim  with  distilled  water  and  covered  with  a  small  glass  plate. 
The  bubble  which  forms  underneath  this  plate  should  be  small, 
and  the  cell  so  turned  as  to  prevent  any  shadow  upon  the  color 
field.  The  cell  is  now  brought  close  to  the  scale  and  compared 
with  the  tints  of  the  different  standard  discs.  Should  it  match 
one  of  these,  the  observation  is  complete.  Should  it  not,  one  of 
the  glass  riders,  capable  of  reading  within  2J  degrees,  is  placed 
upon  the  chamber,  and  the  particular  disc  it  matches  noted.  It 
may  be  necessary  to  apply  more  than  one  rider,  and  if  desired 
riders  may   be   obtained   which   register  a   single   degree.     The 
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Standard  was  originally  arranycil  for  candle  Ughi,  and  discs  stand- 
ardized for  reading  l>y  daylight  are  seldom  used.     The  outer  light  ' 
is  excluded   by  the  use  of  a  hydroscope  tube;  the  matching  of  1 
colors  is  quite  simple  and  does  not  require  special  description. 


Von  Fleischl's  Hemoglobinometer.— This  instrument  con- 
sists of  a  stand  which  somewhat  resembles  the  base  and  table  of 
a  microscope;   a  grouiwJ  eylinder.  whieh  is  divided  inlo  halves;    a 
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plaster-of- Paris   retlfctor;    a   graduated   color  prism;  a  thumb- 
screw adjustmfni;  and  a  capillary  tube  (Fig.  27). 

Mfthod  oj  Applkalion. — i.  One  compartment  of  the  grad- 
uated cylinder  is  halt  filled  with  distilled  water,  care  being  pre- 
viously exercised  to  cleanse  the  chambers  of  the  cylinder. 

3.  The  capillary  tube,   which  has  been   previously  cleansed 
L  dried,  is  held  upon  the  horizontal  and  brought  into  contact 


hkh  the  light  ii  icHwIed  through  the  chitinbrr;  /,  wrc       .  . 

[lunitig  Ihpgradimted  catoml  glass ifi moved :  ^.uptllary  tube  Lo collect  Ihe  blood; 

■raddingllir  water;  i.  opniing  through  which  may  be  neen  iheicsie  tndioiliig  per- 


with  the  summit  of  a  drop  of  blood.  It  fills  immediately  by 
capillary  attraction.  All  blood  clinging  to  the  outer  surface  of 
the  tube  is  removed  by  a  soft  handkerchief,  and  the  lube  immersed 
in  the  distilled  water  contained  in  the  cylinder.  It  is  held  hori- 
zontally, shaken  gently  until  apparently  emptied,  when  a  few 
drops  of  distilled  water  are  forced  from  a  dropper  through  the 
tube  in  order  to  wash  every  particle  of  bloixl  into  the  cylinder. 
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3.  After  the  expulsion  of  the  blood  stir  the  solution  gently 
with  the  metal  handle  of  the  pipet  to  effect  a  perfect  mixture, 

4.  By  the  use  of  a  dropper  fill  both  compartments  of  the 
cylinder  to  the  brim  with  distilled  water.  Moisten  with  the 
breath  the  ground  cover-glass,  and  then  allow  it  to  fall  gently 
upon  the  cylinder,  when  there  will  appear  two  small  bubbles,  one 
upon  each  side  of  the  partition.  Should  the  bubble  upon  the  side 
containing  the  blood  Ix;  large,  it  is  evident  that  sufficient  diluting 
fluid  has  not  been  added  and  that  our  reading  will  be  too  high. 


Kleisihrs  iMsliiimenl,  showinK  posiUon  nf  inilni- 
cyc  clu&cil.  rcadmt;  »illi  (he  iighl  only. 


When  too  large  an  amount  of  distilled  water  has  been  added,  the 
solution  containing  the  blood  may  be  forced  across  the  partition 
to  mingle  with  the  clear  water  on  the  other  side,  this  again  de- 
feating our  purpose. 

5.  With  the  cover-glass  properly  adjusted,  turn  the  cylinder 
$0  that  the  portion  containing  the  blood  will  be  toward  the  light; 
ihus  the  portion  of  the  cylinder  containing  only  distilled  water  is 
over  the  graduated  color  prism. 

6.  A  dark  room  is  nccessar\'  in  this  estimation,  and  the  candle 
should  be  placed  directly  in   front  of  the  instrument  (Fig.  28), 
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and  the  plaster-of-Pans  mirror  so  adjusted  as  to  bring  the  column 
of  light  through  the  solution. 

7.  The  operator  should  stand  at  the  side  of  the  instrumenl, 
bringing  his  face  directly  over  it,  and  should  read  with  the  eye 
thai  is  fanhest  from  the  light  (Fig.  28}  (all  direcl  light  from  the 
candle  should  be  obstruct^  from  ihc  eye  by  holding  some  object 
lo  the  anterior  edge  of  the  instrument).  This  may  be  accom- 
plished by  rolling  a  paper  in  ihe  form  of  a  lube.  I  have  not 
been  able  to  acquire  satisfaciorj'  results  by  reading  with  both  eyes, 

8,  Use  the  thumb-screw  wilh  rather  short  and  quick   turns, 
since   it   is  dJlTicult  to  detcci   the 
changes  in  the  color  of  the  prisms 
when  it  is  slowly  moved. 

(J.  When thepcrcentageof color- 
ing-matter  is  suspected  of  being 
extremely  low,  two  ot  more  pipel- 
fuls  of  blood  should  be  placed  in 
Ihe  solution.  It  is  impossible  to 
estimate  wilh  any  degree  of  accu- 
racy when  ihe  reading  is  below 
40  per  cent.  In  leaching  I  have 
found  that  in  a  section  of  twelve 
students  there  is  seldom  a  dillerence 
of  twelve  points  (12  per  cent.)  in 
the  readings  ihey  make  after  they 
have  been  privileged  lo  use  this 
instrument  Ihe  third  lime.  The 
wide  scope  of  errors  so  commonly 
obser\'ed  by  others  has  nol  been  my 
experience  in  using  vtm  Flcischl's 
■instrument, 

Tallquist's  Hemoglobin  Scale.— Tallquist  has  devised  a 
color  siale  which  is  accompanied  by  a  booklet  containing  small 
sheets  of  a  special  paper.  The  color  scale  is  graduated  from  10 
to  100.  Touch  ihe  summit  of  a  rather  large  drop  of  blood  with 
the  paper,  and  as  soon  as  the  blood  has  been  distributed  over  that 
portion  of  the  paper  which  it  will  occupy  ihe  paper  is  laid  beside 
the  color  scale,  and  moved  to  a  point  where  it  matches  one  of 
ihe  color  blocks  (Fig.  29).  I  have  found  this  method  fairly  satis- 
faclorj'  for  the  average  clinical  work,  and  am  of  the  opinion  that 
the  person  with  limited  experience  obtains  better  results  by  this 
simple  method  than  by  ihose  more  elaborate  methods  previously 

eribcd.     For  description  '•'  WVl  lie  rill's  color  tests  sec  p.  524. 
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COUNTING  OF  THE  BLOOD-CORPUSCLES. 

Method  of  Thoma-Zeiss. — Among  the  many  instruments 
devised  for  this  purpose  that  of  Thoma-Zeiss  with  possibly 
Zeppert*s  modification  of  the  ruling  of  its  counting  chamber  is 
doubtless  the  best.  The  use  of  the  Thoma-Zeiss  instrument  is 
executed  in  the  following  manner: 

I.  The  cleansing  of  the  part  for  the  puncture  and  the  securing 
of  a  proper  drop  of  blood  are  obtained  as  previously  described  (page 
34).  In  addition  it  is  necessary  that  the  blood  be  diluted  for  this 
purpose  and  one  of  the  following  solutions  is  to  be  employed : 

(a)  Hayem*s  solution: 

Mercury  bichloriH 0.5  gni. 

Sodium  sulphate 5.0         *' 

Sodium  chlorid 2.0         ** 

Distilled  water 200.0  c.c. 

(b)  Toisson*s  mixture: 

Methyl-violet 0.025  gm. 

Sodium  sulphai- 8.0  ** 

Sodium  chlorid i  .0  " 

Pure  glycerin 30.0  c.c. 

Distilled  water 1 60.0  " 

These  solutions  will  preserve  the  red  cells  for  twenty-four 
hours,  and  their  specific  gravities  are  such  that  the  cells  precipitate 
slowly.  Toisson's  solution  stains  the  leukocytes  a  violet  tint. 
These  solutions  keep  well,  but  should  be  filtered  whenever  they 
display  the  slightest  clouding.  A  one-half  of  one  to  two  per  cent, 
solution  of  acetic  acid  is  used  as  a  diluent  when  we  desire  to  count 
the  white  cells.  It  is  to  be  remembered  that  acetic  acid  decol- 
orizes the  red  cells. 

The  pipet  for  the  counting  of  the  red  cells  consists  of  a  glass 
rod  with  an  expanded  portion  near  one  end  which  contains  a 
glass  ball.  Below  this  expansion  it  is  graduated  in  tenths  to  one, 
and  above  the  expanded  portion  to  loi  (Fig.  30).  To  one  end 
of  this  tube  is  attached  a  piece  of  rubber  tube  which  has  a  bone 
nipple  at  its  other  extremity. 

The  pipet  for  the  estimation  of  the  white  cells  difTers  only  in 
that  it  is  larger  and  is  graduated  in  tenths  to  one,  and  then  above 
the  expanded  portion  to  11.  It  will  be  readily  seen  that  after 
the  pipet  for  the  red  cells  be  filled  with  blood  to  1,  and  then  the 
solution  be  added  until  it  reaches  loi,  the  diluting  of  the  blood 
will  be  one  part  of  blood  in  99  parts  of  the  diluent,  since  there 
are  100  parts  of  solution  between  1  and  loi  (see  Method  of  Fill- 
itij^  TubeSy  Fig.  31).     The  rubber  tubing  is  now  removed  and  the 
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one  part  in  the  graduated  portion  is  blown  out.  I  usually  fill 
the  tube  with  blood  to  0.5  and  add  the  solution  to  loi,  which 
minus  the  i  below  the  expansion  gives  a  dilution  of  i  in  200. 


OlOOinin 
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The  while  pipet  when  filled  to  i  with  blood  and  ihc  solution 
added  to  reach  ii  gives  us  a  dilution  of  i  part  of  blood  in  9  parts 
of  the  diluent,  after  forcing  out  the  liquid  in  the  capillary  tube 


below  1.     Here  again  I  prefer  to  fill  the  tube  with  blinxl  to  the 
0.5  graduation,  and  with  the  solution  to  11,  a  dilution  of  i  pun 
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in  20.  The  diluting  fluids  should  be  carefully  watched  lest  they 
become  cloudy  or  contain  any  sediment  which  may  obstruct  the 
lumen  of  the  capillary  tube.  To  the  summit  of  the  drop  of  blood 
collected  from  either  the  ear  or  the  finger  the  tip  of  the  pipet  is 
touched  and  gentle  suction  applied  to  the  rubber  tube,  the  nipple 
of  which  is  placed  between  the  lips  (Fig.  31). 

When  the  blood  is  drawn  to  the  desired  graduation,  the  tongue 
is  placed  against  the  opening  of  the  nipple  and  the  tube  withdrawn 
from  the  drop,  its  tip  cleansed  with  a  soft  towel,  and  the  end  of 
the  tube  now  immersed  in  the  diluting  fluid.  Suction  is  again 
made,  and  the  pipet  rotated  rapidly  between  the  thumb  and  index- 
finger  as  the  diluting  fluid  enters  (always  holding  the  pipet  in  the 
*  vertical  position).  The  glass  ball  in  the  expanded  portion  facili- 
tates in  effecting  a  dissemination  of  the  blood  throughout  the 
diluting  fluid;  and  when  suflScient  of  the  solution  has  been  added 
to  reach  the  101  graduation,  the  tongue  is  again  placed  over  the 
opening  of  the  nipple,  and  the  tube  withdrawn  from  the  solution. 
The  rubber  tube  should  be  removed  from  the  pipet,  and  the 
diluting  fluid  occupying  the  tube  below  its  expanded  portion 
should  be  blown  out,  since  it  plays  no  part  in  the  dilution. 

Cauiiofi. — In  case  the  tube  be  held  horizontally  while  filling 
It  with  the  diluent,  the  solution  is  liable  to  creep  along  the  side  of 
the  tube  and  pass  the  loi  graduation  before  the  expanded  portion 
is  entirely  filled,  thereby  greatly  increasing  the  dilution  and  ren- 
dering worthless  the  results.  Unless  the  rotation  of  the  tube  be 
rapid  during  its  filling,  the  blood  is  liable  to  coagulate  in  the  ex- 
panded portion  or  to  be  unequally  distributed,  when  again  the 
result  obtained  is  of  little  value.  Should  suction  be  applied  too 
vigorously,  the  liquid  may  be  drawn  along  the  side  of  the  tube  to 
beyond  loi  before  the  expanded  portion  is  filled. 

If  not  avoided,  these  errors  are  responsible  for  more  mistakes 
than  any  other  steps  in  the  estimation  of  cither  the  red  or 
the  white  corpuscles.  After  the  tubes  have  been  filled  they  may 
be  placed  together  and  secured  by  a  rubber  band.  Unless  the 
ends  of  the  capillary  tubes  arc  permitted  to  touch  some  object, 
they  will  remain  in  perfect  condition  for  hours,  and  further 
progress  in  the  technic  need  not  be  continued  immediately. 

Counting. — Next  in  the  process  for  the  estimation  of  the 
blood-cells  we  have  to  consider  the  slide,  which  contains  at  its 
center  a  chamber  divided  into  400  squares,  each  of  these  squares 
being  -^j^  of  a  mm.  square  and  yV  of  a  mm.  deep,  and  having  a 

capacity  of  yV  >^  11  iT>^ tit— nrVir  ^^^  ^  rnm.  (Fig.  32).  This  cham- 
ber is  surrounded  by  a  narrow  channel.  Every  sixteen  of 
these  small  squares  are  surrounded  by  a  double  row  of  lines,  and 
are  known  as  a  great  square  (Fig.  32,  left  corner). 
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There  is  a  special  ground  cover-glass  which  must  be  brought  in 
direct  apposition  with  the  slide  in  order  that  each  of  the  squares  be 
exactly  1^  of  a  mm.  in  depth.  The  tube  containing  the  diluted 
blood  is  rotated  rapidly  between  the  thumb  and  linger.  From  four 
to  eight  drops  of  blood  are  forced  out  of  the  pipet  by  blowing 
through  the  rubber  tube.  A  single  drop  is  made  to  collect  at  the 
tip  of  the  pipet  and  transferred  to  the  center  of  the  slide.  Place 
the  special  cover-glass  upon  the  edge  of  the  raised  portion  of  the 


t 

%^ 

f*°l 

® 

» 

°=°i 

m 

f 

%f 

< 

;v< 

S- 

l 

slide.  The  forefingers  are  placed  upon  ihc  cover-glass,  while  the 
second  fingers  and  thumbs  hold  the  slide  at  its  corners.  The  fore- 
fingers are  forced  forward,  using  marked  pressure  until  ihe  cover- 
glass  has  passed  beyond  the  opposite  margin  of  the  channel  which 
surrounds  the  graduated  chamber. 
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Should  the  cover-glass  be  in  direct  apposition  with  the  glass 
shelf  surrounding  the  chamber,  there  will  be  displayed  at  different 
points  the  colors  of  the  rainbow  {Newton^s  rings).  Considerable 
skill  is  required  in  the  application  of  the  cover-glass.  It  may  be 
permitted  to  drop  gently  upon  the  chamber,  and  should  Newton's 
rings  not  appear,  gentle  pressure  may  be  made  with  a  needle, 
when  they  are  likely  to  be  seen;  but  should  they  disappear  when 
the  pressure  is  removed,  it  is  evident  that  some  dirt  rests  between 
the  shelf  and  the  cover-glass. 

After  the  cover-glass  has  been  successfully  applied,  the  slide 
is  placed  upon  the  microscope,  and  should  first  be  brought  under 
the  focus  of  a  two-thirds  objective,  using  a  No.  i  or  2  eye-piece. 
If  the  corpuscles  appear  equally  distributed  throughout  the  field, 
a  one-fifth  or  one-sixth  objective  is  brought  into  focus.  Either 
of  these  objectives  will  be  found  to  include  16  of  the  small  squares 
(one  great  square)  (Fig.  32).  In  the  counting  of  the  red  cells 
it  is  necessary  to  count  the  cells  in  five  great  squares  (80  small 
squares).  Since  the  factor  to  be  employed  in  our  estimation  is 
extremely  large,  strict  rules  as  to  counting  are  necessary.  Con- 
sidering only  the  16  squares  surrounded  by  the  double  lines  (Fig. 
32),  count  the  number  of  cells  in  each  column  of  four  squares. 

Directions  for  Counting  Red  Cells. — In  this  estimation  all 
corpuscles  touching  upon  the  top  and  left-hand  boundary  lines 
are  included  in  the  square,  while  those  resting  upon  the  right 
and  bottom  lines  are  to  be  included  in  the  count  of  the  contiguous 
squares  (see  Fig.  32,  number  of  cells  in  each  square  and  in 
column  of  squares  being  given).  In  this  way  it  will  be  found 
easy  to  count  the  cells  in  the  left-hand  column  and  passing  to 
the  adjacent  right-hand  column  until  the  four  columns  have  been 
counted,  which  will  give  the  total  blood-cells  for  one  great  square 
(16  small  squares).  The  slide  is  now  moved  and  four  other 
great  squares  are  counted  in  like  manner.  A  mechanical  stage 
greatly  facilitates  this  process,  yet  it  is  not  absolutely  necessar}-. 

Having  found  the  number  of  cells  in  five  great  squares,  we 
return  to  the  degree  of  our  dilution  and  the  capacity  of  the  small 
square  as  the  other  factors  for  the  estimation  of  the  number  of 
red  cells  per  cubic  millimeter.  Suppose  our  dilution  to  have  been 
I  in  200,  and  the  number  of  red  cells  found  in  five  great  squares 
(80  small  squares),  87,  95,  93,  86,  89  respectively,  a  total  of  450. 
Factors  employed  are: 

450  =  no.  of  I  ells. 

jl-(^  mm.  =-  area  small  S(]uarc. 

j'g   mm.  =  depth  of  small  s(jiiare. 

2J(7  =  dilution. 

80  =  number  small  sfjuares  tounled. 
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Hence  450  X  400  X  10  X  200  -  360,000,000  -h  80  --  4,500,- 
000,  the  number  of  cells  in  i  c.mm.  of  undiluted  blood.  A  rapid 
method  for  arri\'ing  at  the  number  of  cells  per  cubic  millimeter  of 
undiluted  blood  (dilution  1-200)  is  to  add  four  ciphers  to  the 
number  of  cells  found  in  80  small  squares,  450,  which  gives  us 
4,500,000. 

Leukocyte  Count. — The  counting  of  the  white  cells  differs 
only  in  that  we  are  dealing  with  a  much  lower  dilution  of  the  blood, 
and  that  we  count  400  instead  of  80  small  squares.  The  400 
small  squares  may  often  be  brought  into  the  field  under  a  two- 
thirds  lens,  and  when  the  number  of  leukocytes  is  not  at  all  great, 
they  may  be  readily  counted.  When  the  number  of  leukocj'tes 
is  high,  it  is  necessary  to  use  a  one-fifth  lens,  starting  at  the  upper 
left-hand  comer  of  the  slide,  and  moving  the  slide  gently  so  as 
to  move  each  column  of  great  squares  until  the  entire  slide  has 
been  covered  (Fig.  32).  Here  again  the  same  precaution  of 
counting  all  cells  touching  upon  the  top  and  left-hand  lines,  and 
of  omitting  those  cells  resting  upon  the  right  and  bottom  lines, 
must  be  obser\'ed. 

After  counting  the  cells  in  400  small  squares,  dilution  1-20, 
see  other  factors  for  estimating  the  red  cells.  The  direct  method 
for  estimating  the  number  of  leukocytes  in  i  c.mm.  of  undiluted 
blood  is  to  multiply  the  number  of  cells  found  in  the  400  squares 
by  200.  Suppose  the  number  found  to  be  35,  and  the  dilution 
I  in  20:  35  X  200  =  7000.  I  have  not  been  able  to  obtain  satis- 
factory results  by  using  the  pipet  devised  for  the  estimation  of  the 
red  cells. 

Care  of  the  Hemocjrtometer. — Equally  important  with  other 
steps  in  the  counting  of  the  blood-cells  is  the  cleaning  of  the  pipet, 
which  should  be  done  immediately  after  the  count  is  made. 

Remove  the  rubber  tube  and  place  it  upon  the  graduated  end 
of  the  pipet.  Force  out  the  contents  and  fill  with  distilled  water. 
Rotate  rapidly  between  the  thumb  and  finger,  and  again  expel 
the  water.  Repeat  this  process  three  or  four  times;  remove  the 
rubber  tube  and  place  it  upon  the  end  of  the  pipet  to  which  it 
belongs;  fill  the  pipet  with  distilled  water,  and  following  the 
expulsion  of  this  liquid  the  pipet  is  dried  by  blowing  through  it. 

If  this  method  be  conducted  carefully,  there  is  no  need  for 
further  cleansing  of  the  instrument.  Many  prefer  to  use  ether  as 
the  last  solution  placed  in  the  tube,  but  I  have  found  better  results 
to  follow  the  employment  of  distilled  water.  The  counting 
chamber  is  to  be  cleansed  with  water  only,  and  rubbed  with  a 
camel's-hair  brush. 

Caution. — Blood  allowed  to  dry  in  the  i)ii)et  is  dislodged  with 
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great  difficulty;  and  in  case  the  pipet  for  the  white  cells  becomes 
darkened,  this  color  is  removed  by  filling  the  pipet  with  acid.  A 
particle  of  blood  obstructing  the  lumen  of  the  pipet  may  be  removed 
by  inserting  a  bristle  into  the  pipet  and  then  attempting  suction. 
The  graduated  slide  is  cleansed  in  distilled  water,  care  being 
taken  to  avoid  friction,  since  the  fine  rulings  are  easily  destroyed. 
Blood  may  be  kept  in  the  pipet  for  twenty-four  hours,  and  if  they 
are  thoroughly  rotated  before  expelling  any  of  their  contents,  the 
cells  will  be  found  equally  disseminated  throughout  the  mixture. 
This  avoids  the  necessity  of  carrying  a  microscope  to  the  bedside, 
and  brings  hematologic  study  within  the  domain  of  general 
medicine. 

Oliver's  Hemocytometer. — ^With  Oliver's  hemocytometer 
(Fig.  33)  the  estimating  of  the  corpuscles  depends  upon  an  optic 
effect  without  directly  counting  them,  and  for  all  practical  work  the 
actual  counting  of  the  cells  may  be  avoided  by  the  use  of  this 
instrument,  unless  there  be  present  a  high  degree  of  leukocytosis. 
The  principle  of  this  instrument  is  based  upon  the  fact  that  a 
quantity  of  blood  diluted  with  Hayem's  solution  is  placed  in  a 
test-tube  the  sides  of  which  are  flattened  so  that  the  mouth  forms 
a  right  angle  of  about  15  by  5  mm.  A  candle- flame  is  looked 
at  through  the  mixture,  and  when  a  certain  degree  of  dilution  is 
reached,  a  bright  horizontal  line  appears  on  the  glass.  This  line 
is  the  result  of  a  number  of  minute  images  of  the  flame  produced 
by  the  longitudinal  striations  of  the  glass,  and  in  case  the  quantity 
and  quality  of  the  blood  used  are  in  every  instance  the  same,  the 
degree  of  opacity  then  depends  upon  the  amount  of  Hayem's 
solution  added.  By  noting  this  point  one  is  able  to  estimate,  with 
a  fair  degree  of  accuracy,  the  number  of  red  corpuscles  present 
in  I  c.mm.  of  undiluted  blood. 

Method. — Collect  the  blood  as  previously  described  for  estim- 
ating hemoglobin.  Cleanse  the  pipet  and  bring  its  smaller  extrem- 
ity in  contact  with  the  summit  of  the  drop  of  blood,  when  it  fills  by 
capillary  attraction.  Wipe  away  all  blood  clinging  to  the  outside 
of  the  tube.  Fill  a  medicine  dropper  with  Hayem's  solution;  im- 
mediately connect  the  dropper  with  the  blunt  end  of  the  pipet  (Fig. 
33),  and  wash  the  blood  into  the  larger  graduated  tube.  When  the 
hemoglobin  has  been  previously  found  to  be  90  per  cent,  or  more,  it 
is  usually  justifiable  to  fill  the  large  tube  to  the  graduation  80;  but 
should  the  hemoglobin  be  lower,  the  dilution  should  be  correspond- 
ingly lessened.  When  the  point  is  neared  at  which  the  flame  image 
is  likely  to  appear,  the  diluting  fluid  should  be  added  in  quantities 
of  five  to  ten  drops  at  a  time,  placing  the  thumb  over  the  mouth 
of  the  tube  and  inverting  it  several  times  to  effect  a  perfect  mixture 
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of  the  blood  and  the  additional  solution.  That  portion  of  the 
solution  which  clings  to  ihe  surface  of  the  thumb  should  be  wiped 
upon  the  edge  of  the  tube.     When  sufficient  of  Hayem's  solution 


has  been  added,  the  image  suddenly  becomes  visible  and  it  is 
seen  more  easily  by  rotating  the  tube  upon  its  long  axis.  After 
the  first  delection  of  the  image  add  Hayem's  solution  drop  by 
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drop  until  the  horizontal  line  of  the  flame  is  visible  across  the 
short  line  of  the  tube.  The  appearance  of  the  incomplete  line  at 
the  sides  denotes  the  approaching  reaction.  This  degree  of 
opacity  remains  unchanged  for  several  minutes.  The  whole 
process  needs  to  be  carried  out  in  a  dark  room,  shutting  the  diffused 
light  of  the  candle  from  the  eye  as  shown  in  figure  33,  d.  The  tube 
should  be  held  near  the  eye,  and  the  operator  stand  at  a  distance 
of  ten  feet  from  the  candle.     Wax  candles  are  preferable. 

ALKALINITY  OF  THE  BLOOD. 

The  alkalescence  of  the  blood  being  due  to  the  presence  of 
carbonates,  bicarbonates,  and  albumins  held  in  solution  by  the 
acid  phosphates,  it  is  difficult  to  estimate  the  changes  in  these 
several  principles,  and  the  variations  in  the  reaction  produced 
by  the  several  processes  in  alkalimetry.  When  serum  alone  is 
used  for  the  estimation  (by  titration),  the  alkaline  principles  of 
the  clot  are  not  included;  and  if  laked  bipod  is  used,  uncertain 
chemic  changes  are  produced  which  depend  upon  the  delicately 
balanced  albumins  and  phosphates.  It  has  been  clearly  shown 
that  there  exists  in  the  blood — and  in  the  serum — certain  rather 
constant  alkaline  principles  which  are  sufficiently  closely  esti- 
mated by  the  processes  about  to  be  described  as  to  render  this 
knowledge  of  clinical  value.  Again,  it  is  evident  that  the  degree 
of  difference  between  the  alkalinity  of  normal  and  that  of  diseased 
blood  displays  rather  wide  variations.  During  life  the  reaction 
of  the  blood  is  alkaline  owing  to  the  presence  of  disodium  phos- 
phate and  sodium  carbonate.  The  degree  of  alkalinity  under 
normal  conditions  is  estimated  in  terms  of  sodium  hydrate,  and 
corresponds  to  182  to  218  mgm.  for  every  100  c.c.  of  blood.  Von 
Jaksch,  however,  makes  a  higher  estimate  of  alkalinity — 260 
to  230  mgm.;  while  Canard  places  it  at  203  to  276. 

Clinical  Significance. — Decrease, — The  alkalinity  of  the 
blood  is  low  in  women,  children,  and  during  the  latter  stage  of 
digestion  (when  the  hydrochloric  acid  and  peptones  are  reabsorbed) 
and  after  violent  exercise.  Pathologically,  a  reduction  occurs 
in  severe  anemias  (primary  or  secondary),  leukemia,  pernicious 
anemia,  chronic  hepatic  disease,  nephritis,  diabetes,  pseudoleu- 
kemia, and  in  the  cachexia  resulting  from  cancer.  High  fever, 
general  toxemia,  the  prolonged  use  of  acids,  and  poisoning  by 
acids  or  carbon  monoxid  are  attended  by  a  low  alkalinity,  as  are 
also  acute  mania  (stage  of  excitement)  and  epilepsy.  In  the 
latter  it  begins  just  prior  to  a  seizure,  and  continues  to  fall  after 
the  convulsion,  the  reduction  varying  according  "to  the  muscular 
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contractions    during    the    convulsion.*    The    normal    alkalinity 
is  restored  five  to  six  hours  after  a  convulsion. 

Increase, — An  increased  alkalinity  is  to  be  found  early  during 
the  process  of  digestion  and  after  a  cold  bath. 

Kireew  f  in  studying  the  blcxxl  of  25  cases  of  typhus  fever  found  the  alkah'nity 
to  increase  with  the  advance  of  the  disease,  and  to  reach  its  maximum  with  the 
height  of  the  disease.     The  alkalinity  fell  rapidly  to  normal  in  favorable  cases 
In  three  fatal  cases  the  alkalinity  remained  alx>ve  normal. 

Estiiiiation  of  Alkalinity. — ^Lowy's  Method. — i.  Place  45 
c-c.  of  a  0.25  per  cent,  solution  of  ammonium  oxalate  in  a  flask 
having  a  graduated  neck. 

2.  Collect  5  c.c.  of  venous  blood  from  the  arm  into  a  syringe 
(see  Bacteriology  of  Blood)  and  immediately  transfer  it  to  the  sodi- 
um solution,  which  prevents  coagulation  and  dissolves  the  hemo- 
globin from  the  protoplasm  of  the  erythrocytes.  Titrate  the 
mixture  with  a  0.04  per  cent,  solution  of  tartaric  acid.  Lacmoid 
paper  that  has  been  previously  soaked  in  a  concentrated  solu- 
tion of  magnesium  sulphate  serves  as  an  indicator.  The 
•^  normal  solution  contains  3  gm.  to  the  liter,  and  i  c.c.  of 
this  solution  therefore  corresponds  to  0.0016  gm.  of  sodium 
hydrate;  e.  g.,  10  c.c.  of  the  ^  normal  solution  were  required 
to  neutralize  5  c.c.  of  blood — the  alkalinity  of  this  quantity 
of  blood  in  terms  of  sodium  hydrate  is  0.016  gm.  To  deter- 
mine the  alkalinity  of  100  c.c.  of  blood,  multiply  0.016  by  20 
(the  portion  of  100  c.c,  ^V  being  employed)  which  equals  0.32  gm. 

Reagents. — Normal  solution  of  tartaric  acid  (75  gm.  to  the  liter). 

Lacmoid  paper  is  prepared  in  the  following  manner:  The 
mixture  is  made  of  100  gm.  of  rcsorcin,  5  gm.  of  sodium  nitrate, 
and  5  c.c.  of  distilled  water,  which  when  heated  on  an  oil  bath 
to  a  temperature  of  110°  C.  gives  a  violet  color.  The  flame  is 
removed  before  this  temperature  is  reached.  Again  heat  to  115*^- 
120°  C.  until  the  ammonium  ceases  to  be  evolved.  Dissolve 
the  pure  blue  residue  in  water  and  precipitate  with  hydrochloric 
acid,  cool,  filter  with  the  aid  of  a  suction  pump,  and  wash  with 
a  small  quantity  of  water.  Again  dissolve  in  absolute  alcohol, 
filter,  and  evaporate  in  an  ammonia-free  atmosphere.  This 
pigment  crystallizes  in  reddish-brown  glistening  plates;  one  gm. 
of  which  is  dissolved  in  1000  c.c.  of  45  per  cent,  alcohol.  Im- 
merse narrow  strips  of  Swedish  fiher-papcr  in  this  solution  for 
several  minutes,  dr\'  them  in  the  air,  and  place  in  a  well-stoppered 
bottle.  As  this  article  is  so  seldom  required,  and  as  it  necessitates 
such  labor,  it  might  be  more  advantageous  for  the  student  or 
practitioner  to  have  this  paper  prepared  by  a  chemist. 

Dare's  Hemoalkalimeter. — Dare's  instrument  (Fig.  34)  consists 
of  a  glass  tube  (a)  provided  with  a  glass  stopper  f  b),  and  through 

*  Hugh,  "Jour.  Mental  Science,"  Jan.,  ii)d.^.  v«)l.  xliv.  p.  71. 
t  " Medizinskoe  Obasreni,"  Ixii,  No,  ig. 
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it  passes  an  automatic  capillary  pipet  which  tapers  at  its  exposed 
point.  This  capillary  pipet  has  a  capacity  of  20  c.mm.  {15  mgm. 
by  weight)  of  blood.  The  stopper  and  the  capillary  pipet  are 
fitted  tightly  into  the  tube  (a),  which  is  graduated  to  3  c.c.  to 
represent  the  equivalents  in  milligrams  of  N'aOH  to  100  c.c. 
of  blood.  The  upper  end  of  the  tube  is  expanded,  and  upon 
this  expansion  is  a  minute  opening  (c)  for  the  admission  of  air.  A 
medicine  dropper  graduated  lo  2  c.c,  and  provided  with  a  piece  of 
rubber  tubing  which  is  applied  to  the  exposed  end  of  the  capillar)' 
tube  serves  to  introduce  the  test  solution.  The  spectroscope  is  neces- 
sary, and  Browning's  pocket  in- 
strument will  be  found  satis- 
factory. 

Test  solution: 

Tartaric  acid  (Merilt's 

reagent) 0.075  S™- 

Alcfjhol(()4pfrcenl.)   lo         c.c. 

Distitled  water f|.  s.  200 


Method  0}  Applicalioit.  — 
( I )  Obtain  a  drop  of  blood  from 
the  lip  of  the  finger;  hold  the 
tube  horizontally  and  permit  the 
exposed  tip  of  the  capillary  pipet 
to  touch  the  summit  of  a  rather 
large  drop  of  blood,  when  it  fills 
by  capillary  attraction.  (2)  Hold 
the  tube  vertically  and  wash 
the  contents  of  the  pipet  into 
^  the  tube  by  forcing  the  distilled 
water  from  a  medicine  dropper 
Fig-  34.— Dale's  henio8ik»Uni«cr.  through  the  pipet.  This  Washing 
is  continued  until  the  distilled 
water,  collected  at  the  bottom  of  the  tube,  reaches  the  graduation 
zero  (o).  (3)  Close  the  opening  of  the  tube  by  the  finger  and 
invert  the  tube  repeatedly  until  the  blood  and  distilled  water  are 
thoroughly  mixed.  (4)  A  dropper  is  now  filled  with  the  acid 
reagent,  and  this  solution  is  forced  through  the  capillary  pipet 
into  the  lube. 

Caution. — Cover  the  opening  in  the  expanded  portion  of  the 
large  tube  before  releasing  the  pressure  from  the  rubber  bulb 
of  the  dropper.  (5)  Without  detaching  the  dropper,  hold  it 
in  a  vertical  position  and  invert  the  tube  several  times.  (6) 
Place  that  portion  of  tube  (a)  below  the  graduation  (o)  in  the 
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cleft  of  the  spectroscope,  and  examine  for  the  existence  of  the 
absorption-bands  of  oxyhemoglobin  (see  SpectrOy  Fig.  24,  page 
44).  The  acid  solution  should  be  added  carefully  after  each 
examination  until  these  bands  disappear.  The  bands  will  be 
noticed  to  fade  gradually  as  the  point  of  neutralization  is  ap- 
proached. Invert  the  tube  (a)  after  each  additional  drop  of  the 
acid  solution. 

Upon  the  disappearance  of  the  bands  of  oxyhemoglobin  the 
test  is  completed.  Note  the  result  from  the  scale  on  the  tube 
(a),  which  is  graduated  in  both  cubic  centimeters  and  the  equiva- 
lents expressed  in  milligrams  of  sodium  hydrate  to  100  c.c.  of 
blood. 


"SCALE  OF  EQUIVALENTS  COMPUTED  FROM  A  BASIS  OF  15  MGM. 
OF  BLOOD  TO  2  C.C.  OF  ACID  SOLUTION.     ONE  TWO- 
HUNDREDTHS  OF  THE  NORMAL. 

Cubic  Centimeters  MilliKrams  of    XaOR   to  ico 

<if   Reagent.  Cubic  Centimeters  of  Blood. 

2.6     345.0 

2.4     3'90 

2.2       202.0 

2.0      266.0 

1 .8  239.0 

1.6  212.0 

1 .4  1 76.0 

1.2  169.0 

i.o  1  no 

o.S  q6.o 

0.6  79.0 

C.4  53.0 

0.2  26.6 


**The  equivalent  weight  of  tartaric  acid     •  '^  *    -   ^    149.64. 

Tartaric  acid  being  dibasic,  one-half  the  number  of  molecules 
are  taken  to  make  a  normal  solution  which  equals  75  gm.  (ap- 
proximately) to  a  liter;  for  the  present  solution  there  is  taken 
■5-^  of  the  normal,  which  is  equivalent  to  375  mgm.  to  a  liter. 
Sodium  hydrate  has  40  atoms  to  its  molecule,  which  gives  an 
equivalent  of  40  gm.  to  a  liter;  therefore,  ^\-^  of  the  normal 
tartaric  acid  solution  will  give  an  equivalent  of  0.0002  mgm.  of 
the  alkali.  Every  100  c.c.  of  blood  will  equal  266  mgm.  of  sodium 
hydrate"  (Dare). 

For  every  2.2  c.c.  of  reagent  employed  the  equivalent  of  292 
mgm.  of  sodium  hydrate  to  100  c.c.  of  blood  is  read  from  the 
graduation  on  tube  (a).  Dare  employed  open  gaslight  in  his 
observations. 
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ACIDITY  OF  THE  BLOOD. 

Certain  of  the  salts  in  the  blood  are  not  saturated;  e.  g.^ 
NaHCO,  and  NaH,PO^.  It  is  noteworthy  that  these  give  an 
alkaline  reaction  to  litmus,  but  an  acid  reaction  to  phenolphthalein, 
and  are  capable  of  combining  with  bases.  Fresh  blood  is  alkaline, 
while  serum  causes  an  acid  reaction  with  phenolphthalein.  The 
basic  capacity  of  the  blood  is  the  power  its  salts  possess  to  neutralize 
bases.  Kraus  has  estimated  the  basic  capacity  of  normal  venous 
blood  at  0.162  to  0.232  per  cent.  NaOH.* 

Clinical  Significance. — An  increase  has  been  observed  in 
fevers  of  from  0.209  to  0.272  per  cent.  NaOH  ;  and  to  reach  0.347 
per  cent,  in  diabetes  (Kraus). 

COMPOSITION  OF  THE  WHOLE  BLOOD. 

Albtunins. — The  albuminous  principles  in  the  normal  blood 
as  found  in  the  circulation  are  hemoglobin,  serum-albumin,  serum- 
globulin,  and  fibrinogen.  Shed  blood  contains  a  nucleoproteid 
principle  derived  from  the  nuclei  of  leukocytes  or  from  the  red 
cells;  and  this  substance  combines  with  the  calcium  salts  to  form 
fibrin  ferment  ("prothrombi").  In  certain  diseased  conditions 
(e.  g,,  brain  abscess)  a  small  quantity  of  albumose  has  been  found. 
The  entire  proteid  group  of  the  blood  has  been  estimated  by  von 
Jaksch  at  22  per  cent. ;  Limbeck  rates  it  at  about  25  per  cent.,  and 
Schmidt  records  it  from  10.82  to  16.63  P^^  cent. 

Clinical  Significance. — ^A  relative  increase  of  albumin  is  oc- 
casioned by  marked  loss  of  fluids;  e.  g.y  in  cholera  and  diarrhea; 
also  in  acute  articular  rheumatism,  pleurisy,  pneumonia,  er>'- 
sipelas,  and  other  acute  inflammatory  processes. 

Reduction  of  the  total  albumin  may  accompany  infectious 
diseases  with  high  fever,  even  though  the  number  of  red  cells 
remains  normal;  and  early  in  chronic  nephritis,  in  pernicious 
anemia,  malaria,  leukemia,  pyemia,  and  in  secondary  anemia. 

Peptone. — Peptone,  a  constituent  of  cadaveric  blood,  does 
not  appear  to  have  been  satisfactorily  demonstrated  in  the  circu- 
lating blood.  However,  when  blood  is  allowed  to  stand  for  several 
hours,  a  reaction  for  peptones  may  be  obtained.  Albumose 
has  been  found  in  leukemic  blood  when  the  eosinophilic  cells 
were  numerous.  We  may  here  allude  to  the  great  similarity 
of  the  reactions  caused  by  the  albumose  and  those  produced  by 
giobin  (see  Albumosuria,  page  216).  Quantitative  estimation  of 
the  total  albumin  of  the  blood  has  not  been  considered,  and  the 

*  "  Zeit.  f.  Heilk.,"  vol.  x,  p.  io6;  also  "Arch.  f.  exper.  Path.,"  vol.  xxvi. 
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reader  is  referred  to  special  works  on  Chemical  Physiology  and 
Pathology  for  specific  knowledge  upon  this  subject. 

Inorganic  Substances  of  the  Blood. — Here  again  the  subject 
falls  outside  the  scope  of  this  chapter.  The  estimation  of  the 
quantity  of  the  blood  ash  has  been  briefly  described,  but  for  other 
and  complete  description  the  reader  is  referred  to  special  works 
on  Physiology  and  Pathology. 

Urea. — Traces  of  urea  are  normally  to  be  found  in  the  blood, 
0.016  to  0.02  per  cent.  (Simon),  and  an  increase  is  observed 
in  fevers,  cholera  asiatica,  cholera  infantum,  eclampsia,  and  also 
in  renal  conditions  when  it  is  imperfectly  eliminated  by  the  kidneys. 
For  determination  and  the  detection  of  urea  in  the  blood  see 
Urine  (Hoppe-Seyler's  method). 

Uric  Acid. — ^Traces  of  uric  acid  are  demonstrable  in  normal 
blood.  An  increase  has  been  observed  in  appreciable  amounts, 
varying  greatly  with  the  type  of  disease  present,  during  the  course 
of  pneumonia,  anemia,  cardiac  embarrassment,  acute  gout,  leu- 
kemia, nephritis  (88.88  per  cent,  of  cases,  v.  Jaksch).  It  has 
been  shown  that  an  increased  elimination  of  the  uric  acid  through 
the  urine  is  accomplished  by  an  increased  quantity  of  uric  acid 
in  the  blood,  but  this  condition  is  not  constant.  Lowered  al- 
kalinity of  the  blood  in  the  infectious  fevers  stands  as  an  excep- 
tion to  this  rule. 

Method  of  Detection. — Obtain  loo  c.c.  of  blood  (see  page  34) 
and  immediately  transfer  to  a  beaker.  Dilute  with  three  or  four 
times  its  own  volume  of  distilled  water,  and  heat  on  a  water-bath. 
When  coagulation  begins,  a  0.5  per  cent,  solution  of  acetic  acid 
is  added  in  small  quantities  until  a  faint  acid  reaction  is  given. 
Continue  the  heat  for  twenty  minutes,  when  the  albumin  will  be 
found  precipitated  as  brownish  particles.  Filter  hot,  heat,  and 
wash  the  precipitate  with  hot  water.  Again  add  small  quantities 
of  acetic  acid  solution  and  bring  both  filtrate  and  washing  to  the 
boiling-point.  Decant,  filter,  add  a  small  quantity  of  disodic 
phosphate,  and  continue  according  to  Ludwig-Salkowski's  method 
(see  page  198).  Treat  the  first  filtrate  with  hydrochloric  acid  and 
evaporate  to  about  10  c.c.  Allow  to  stand  for  twenty-four  hours 
and  separate  the  precipitated  uric  acid  by  filtering,  and  continue 
examination  of  the  filtrate  for  uric  acid  (sec  Urine).  The  murexid 
test  (see  page  196)  may  be  applied  directly  to  the  fluid  before  the 
uric  acid  has  had  time  to  precipitate;  and  its  employment  is 
necessary  when  no  uric  acid  separates  from  the  solution  after 
standing  for  twenty-four  hours. 

Glycogen. — Blood  smeared  upon  slides  or  cover-glasses 
in  the  usual  manner  and  dried  in  the  air  is  stained  for  from  three 
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to  five  minutes  with  the  following:  lodin,  pure,  i  part,  potassium 
iodid  3  parts,  water  loo  parts,  pulverized  acacia  in  excess.  In 
the  presence  of  glycogen  there  are  a  number  of  small  granules 
of  a  mahogany-brown  tint  in  the  leukocytes  and  occasionally 
in  the  plasma.  Question  has  arisen  as  to  whether  or  not  these 
granules  represent  subjects  more  closely  allied  to  amyloid  than 
to  glycogen.  The  extracellular  granules  are  both  fime  and  coarse, 
varying  from  J  fi  in  diameter,  and  appear  to  be  the  only  form 
found  in  the  normal  blood.  An  increase  in  the  number  of  gran- 
ules as  seen  in  disease  is  shown  by  intracellular  granules.  Extra- 
cellular granules  are  possibly  derived  through  degeneration  of 
leukocytes.  Neutrophilic  leukocytes  have  been  known  to 
contain  these  granules  in  case  of  leukemia  and  diabetes,  and 
they  have  been  found  in  the  plasma  in  connection  with  pathologic 
conditions.  After  a  review  of  the  current  literature  on  this  subject 
it  is  evident  that  further  observations  are  needed  to  establish 
any  valuable  clinical  data. 

Fat  (Lipemia)  and  Fatty  Acids. — Normal  blood  contains 
between  0.75  and  0.85  per  cent,  of  fats.*  Particles  of  fat  may  be 
demonstrated  in  the  blood  by  fixing  the  films  in  a  one  per  cent, 
solution  of  osmic  acid  for  twenty-four  hours,  and  staining  from 
one-half  to  one  minute  with  a  one-half  of  one  per  cent,  aqueous 
solution  of  eosin.  The  particles  of  fat  having  stained  black 
with  the  osmic  acid,  the  remainder  of  the  field  takes  the  eosin 
stain  (Fig.  35).  In  view  of  the  fact  that  all  granules  staining  black 
may  not  be  fat  a  control  preparation  is  necessary,  and  should  be  con- 
ducted as  follows:  Fix  the  film  twenty- four  hours  in  alcohol  and 
ether,  and  then  in  the  osmic  acid  for  twenty-four  hours;  counter- 
stain  with  eosin,  extract  the  fat  by  ether,  and  the  absence  of  black 
particles  in  the  cells  and  plasma  is  evidence  that  the  blackening 
displayed  by  the  former  specimen  was  due  to  fat.  Free  fat 
(palmitin,  stearin,  and  olein)  may  be  detected  in  the  blood  in 
health  and  in  disease,  but  it  is  usually  present  in  comparatively 
small  amounts,  and  while  recognized  with  some  difficulty  under 
.  an  oil-immersion  objective,  the  granules  are  at  times  conspicuous. 

Quantitative  Estimation. — Collect  from  5  to  10  gm.  of 
blood  and  dilute  with  100  to  200  gm.  of  96  per  cent,  alcohol ; 
mix  thoroughly,  allow  to  stand  for  twenty-four  to  forty-eight 
hours,  and  filter.  Subject  the  deposit  collected  on  the  filter  to. 
a  repetition  of  the  above  treatment.  The  part  remaining  is  treated 
with  ether,  and  the  remainder  digested  and  thoroughly  shaken 
with  ether.  Collect  the  various  alcoholic  and  ethereal  extracts, 
evaporate  slowly  to  dryness,  extract  with  absolute  ether,  dry,  and 

♦  Bonningcr,  "Zc-it.  f.  klin.  Med.,"  looo,  vol.  xli,  pts.  i  and  2. 
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weigh  (Hoppc-Seyler).  Extract  filler-paper  to  recover  any  fat 
it  may  have  withheld  (see  special  works  on  physiologic  chemistry). 
Clinical  SignificaQce. — The  quantity  of  fat  in  the  blood  is 
increased  after  a  heavy  meal  and  in  acute  alcoholism.  An  excess 
of  0.05  to  0.16  per  cent,  has  been  found  in  the  blood  of  diabetes, 
0.1  to  0.5  per  cent,  in  nephritis,  0.15  per  cent,  in  pneumonia, 
and  0.16  per  cent,  in  typhoid  fever.  An  increased  quantity  has 
been  observed  in  starvation,  phthisis,  fatty  embolism,  carcinoma 
of  esophagus,  and  poisoning  by  carbonic  oxid,  A  fat-splitting 
ferment  has  been  detected  in  the  blood.*     V.  Jaksch  has  demon- 


•>•  ivM-  ■•<  ■ 


Fig.  is.~Blood  (mm  a  OK  □!  lipcmil,  Haloed  wllh  mmlc  acid  :  upper  hall  of  ftetd 
«Dic  add  bi^«n  "hTblo^-iotpulclcsi  oilargcmcnl? loo'dianivteTi  (Cumpiechl).  "      " 

strated  fatty  acids  in  the  blood  of  diabetic  coma,  acute  yellow 
atrophy  (hepatic),  acute  infections,  and  leukemia. 

Glucose.^Normal  blood  contains  a  trace  of  glucose,  and  this 
quantity  may  fluctuate,  depending  upon  a  diet  rich  in  carbohy- 
drates {increase)  or  by  muscular  exercise  and  hunger  (decrease). 
It  has  been  found  in  the  blood  of  health  by  Limbeck  five  hours 
after  a  meal  Co-o75  to  0.089  P*^""  cent,).  Freund  and  Trinkler 
found  glucose  increased  in  the  blood  from  cases  of  cancer,  and 
were  able  to  reduce  cupric  oxid  when  exempt  from  albumins. 
Trinkler  found  ,1  per  cent,  of  glucose  in  the  blood  of  carcinoma. 

»  Hanfoil,  "Conipt.  Rend.  Soc.  Biol.,"  i8<i6,  p.  515. 
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Depending  upon  the  character  and  stage  of  the  disease,  glucose 
has  been  found  to  reach  0.9  per  cent,  in  the  blood  of  diabetes.* 

Estimation  of  Glucose  in  the  Blood. — A  quantity  of  blood 
is  weighed,  freed  from  albumin  by  boiling  with  an  equal  quantity 
of  sodium  sulphate,  and  then  filtered;  the  precipitate  is  washed 
carefully,  and  the  filtrate  treated  with  Fehling's  solution.  A 
more  positive  demonstration  is  by  polarimetry  (see  page  236).  The 
blood  should  be  fresh,  lest  the  glycolytic  ferment  produce  mis- 
leading reactions.  It  is  not  known  upon  what  the  glycolytic 
principle  of  normal  blood  depends. 

Diabetic  Blood. — ^A  test  for  diabetic  blood  worthy  of  descrip- 
tion is  Williamson's.  Knowledge  obtained  from  any  special 
reaction  of  the  blood  is  impracticable  unless  it  enables  us  to 
recognize  diabetes  at  an  earlier  period  than  can  be  done  by 
urinalysis;  and  the  majority  of  writers  on  this  subject  hold  that 
this  has  not  been  proved.     Diabetic  blood  is  rich  in  fats. 

Williamson's  test  is  easy  of  execution,  and  consists  in  the 
decolorizing  of  an  aqueous  solution  of  methylene-blue.  Col- 
lect two  drops  (20  c.mm.)  of  blood,  and  dissolve  in  40  c.mm.  of 
water;  then  add  i  c.c.  of  methylene-blue  solution  (1-6000)  and 
40  c.mm.  of  liquor  potassae  (specific  gravity  1.058).  Place  the 
vessel  containing  the  mixture  in  boiling  water  for  four  minutes. 
The  solution  is  decolorized  with  diabetic  blood,  and  remains 
a  deep  blue  with  normal  blood. 

Clinical  Significance. — Williamson  has  been  unable  to  obtain 
this  reaction  with  the  blood  from  other  forms  of  disease.  The 
reaction  is  produced  by  diabetic  urine.  Williamson  obtained 
positive  reaction  in  nine  cases  of  diabetes,  and  negative  results  in 
130  non-diabetic  cases.  Adler  confirmed  the  validity  of  William- 
son's reaction,  and  attributes  it  to  reduced  alkalinity  of  the  blood. 
He  has  also  shown  that  Bremer's  test  for  diabetes  is  not  of  diag- 
nostic value. 

Red  Cells, — Sugar  in  the  blood  extracts  water  from  the  tissues 
into  the  vessels,  thus  diluting  the  blood;  but  blood  concentration 
is  soon  accomplished  owing  to  the  increased  diuresis.  It  is  the 
influence  of  these  processes  that  is  responsible  for  the  wide  varia- 
tion in  the  number  of  cells  found  i)er  cubic  millimeter,  and  on  this 
account  it  is  impossible  to  arrive  at  any  constant  number  of  er>'- 
throcytes  for  this  disease.  Even  during  the  period  of  cachexia 
and  anemia  in  diabetes  blood  concentnilionc  may  be  found  well 
marked,  and  the  number  of  red  cells  high.  The  hemoglobin 
may  fluctuate  between  wide  limitations  and  is  doubtless  depen- 
dent upon  similar  conditions. 

♦  Hoppe-Scyler,  "Physiological  Chemistry,"  1881. 
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Leukocytes. — ^The  number  of  leukocytes  varies  greatly  in 
different  cases  and  at  different  times  during  the  course  of  the  same 
case;  yet  leukocytosis  has  not  in  my  experience  been  a  common 
occurrence,  though  the  leukocytes  have  been  seen  to  reach  10,000  to 
1 2,000  per  cubic  millimeter.  Cabot  did  not  observe  leukocytosis  in 
the  study  of  thirteen  cases,  and  during  diabetic  coma  he  found  the 
leukocytes  to  number  4200  per  cubic  millimeter,  while  in  another, 
a  child  of  eight  years,  there  were  49,000  leukocytes  present. 

Acetonemia. — It  has  been  found  by  Deichmiiller  and  by 
V.  Jaksch  that  by  extracting  the  blood  with  ether  and  by  distilla- 
tion a  principle  could  be  isolated  which  gives  a  reaction  for  acetone. 
This  principle  was  found  to  be  increased  in  fevers. 

Cholemia. — ^This  term  has  been  applied  to  the  presence  of 
biliary  acids  in  the  blood,  yet  such  bloods  commonly  contain 
cholesterin. 

Icteric  blood  appears  to  the  naked  eye  as  yellowish  in  color, 
and  in  its  serum  or  foam  may  be  seen  small  particles  of  bile-pig- 
ment. The  application  of  heat  (70°  to  80°  C.)  causes  the  red 
bilirubin  to  be  replaced  by  a  greenish  tinge — bilivcrdin.  Lim- 
beck's analyses  of  icteric  blood  show  an  increase  of  nitrogens 
from  3.29  to  3.52  per  cent.,  while  the  chlorids  were  diminished 
both  in  the  blood  and  in  the  serum.  An  increase  in  the  volume 
of  red  cells  is  mentioned. 

Isotonic  Tension. — Low  isotonic  tension  and  increased 
resistance  of  the  red  cells  are  peculiar  to  jaundice  (see  page  74). 
The  efiFect  exercised  by  the  bile  acids  upon  the  hemoglobin  prob- 
ably renders  it  more  freely  soluble.  Bilirubin  may  be  demon- 
strated in  the  blood  when  urobilin  exists  in  the  urine. 

Method. — Collect  the  blood  either  by  a  hypodermic  syringe 
from  the  vein  or  by  a  wet  cup,  place  in  a  bowl,  allow  to  coagulate, 
and  after  two  or  more  hours  decant  serum  and  fiUer.  The 
filtrate  displays  a  yellow  tint  when  bilirubin  is  present,  and  be- 
comes green  after  heating  for  several  hours  at  35°  C.  A  mere 
trace  of  bile-pigment  is  detected  in  this  manner. 

Biliary  Acids  in  the  Serum. — ^Pettenkofer's  Method. — 
Remove  the  albumins  by  boiling  or  by  alcohol;  filter  and  treat 
the  filtrate  with  lead  acetate  and  with  ammonia.  The  acids  are 
precipitated  with  lead  compounds.  Wash  the  precipitate  on  a 
filter,  boil  in  alcohol,  filter,  and  decompose  the  lead  salt  by  car- 
bonate of  soda.  Again  filter,  and  evaporate  to  dr}^ness.  The 
acids  are  extracted  by  boiling  in  absolute  alcohol.  Evaporate 
the  alcoholic  extract  when  biliar\'  acids  crvstallize,  and  an  amor- 
phous  substance  remains  from  which  crystals  are  obtained  after 
extracting  with  ether  (see  works  on  physiological  chemistry). 
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Globulicidal  Properties  of  Senim. — Serum  of  pathologic 
blood  when  brought  in  contact  with  normal  blood  often  causes 
the  red  cells  to  dissolve  and  the  hemoglobin  to  be  replaced  by  a 
greenish  hue.  Spectroscopic  examination  reveals  the  presence 
of  hematoidin  instead  of  hemoglobin  in  such  mixtures.  Globu- 
licidal properties  may  be  well  marked  in  the  serum  of  the 
primary  anemias,  purpura,  malaria,  leukemia,  erysipelas,  typhoid 
fever,  pneumonia,  and  nephritis.  Buchner  has  shown  that  the 
globulicidal  activity  is  more  marked  in  serum  poor  in  salts,  and 
that  it  is  also  diminished  after  the  addition  of  salts.  A  close 
relation  must  exist  between  the  globulicidal  property  of  the  serum. 
The  blood  of  one  animal  brought  in  contact  with  the  blood  of 
another  animal  displays  coagulative  power,  which  may  be  greatly 
lessened  by  the  addition  of  salt  or  by  heating  to  50°  C;  yet  these 
do  not  totally  destroy  any  toxicity  that  may  exist  in  the  serum. 
Toxicity  of  the  serum  depends  principally  upon  certain  retained 
albuminoid  bodies.  Wide  variations  in  the  toxicity,  globulicidal 
and  coagulative  properties  of  different  serums  may  be  found  in 
both  health  and  disease  (see  Serum-diagnosis,  page  116). 

Diastatic  Ferment  of  Blood. — ^The  power  of  the  blood  in 
both  health  and  in  disease  to  digest  starch  has  recently  received 
clinical  attention.  To  demonstrate  this  property  add  i  c.c.  of 
blood  to  50  c.c.  of  starch  solution,  stand  several  hours  in  an  in- 
cubator, and  test  for  glucose  with  Fehling's  solution.  Two 
c.c.  of  normal  human  blood  when  added  to  50  c.c.  of  starch  solu- 
tion and  kept  at  a  temperature  of  30°  C.  for  twenty-four  hours 
was  found  by  Castellino  and  Pracca  to  yield  0.07  per  cent,  of 
sugar.  Diastatic  fermentation  is  most  active  in  arterial  blood 
that  is  kept  at  a  temperature  of  30°  to  38°  C,  and  inhibition  is 
observed  at  75°  C.  (Cavazzani). 

Clinical  Significance. — The  fermentative  power  of  the  blood 
is  increased  in  chlorosis,  leukemia,  nephritis,  pneumonia,  malaria, 
hepatic  cirrhosis,  and  carcinoma,  and  was  found  decreased  in 
other  forms  of  disease.*  The  addition  of  nuclein  inhibits  the 
diastatic  ferment,  while  sodium  sulphate  and  sodium  chlorid 
intensifv  it. 

CRYOSCOPY  OF  THE  BLOOD. 

Cryoscopy  as  applied  to  the  body  fluids  and  secretions,  espe- 
cially to  the  blood,  has,  as  yet,  yielded  but  few  definite  results. 
Waldvogel's  descriptionf  of  the  technic  for  determining  the 
freezing-point  of  fluids  is  in  brief  as  follows:    Pour  8  to  10  c.c. 

♦  Cavazzani  and  Pracra,  "  An  h.  j).  1.  sci.  med.,"  vol.  xvii,  No.  6. 
t  "Arch.  f.  expcr.  Path.,"  vol.  xlvi,  i  and  2. 
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'  of  ihc  blood  or  urine  into  a  small  icst-tubc,  around  the  lop  of 
which  a  rubber  ring  has  been  placed.  This  tube  fits  into  a  larger 
one  with  a  space  of  about  one  centimeter  beiweeti  the  bottoms  of 
the  tubes,  and  of  2  or  3  mm.  between  the  walls.  Both  are  then 
placed  together  in  ihe  freezing  fice  and  salt)  mixture  (Fig.  36). 
The  temperature  is  delermined  by  a  small  thermometer,  graduated 
in  dftieths  or  hundredths  of  a  degree  C.  to  four  degrees  below 


the  freezing-point,  which  is  inserted  in  the  blood  or  the  urine. 
The  thermometer  is  surrounded  by  a  rubber  ring  which  prevents 
iching  cither  the  bottom  or  the  wall  of  the  tube.  When 
it  registers  — 0,52"  C,  ihe  fluid  is  stirred  with  the  thermometer, 
and  it  congeals  almost  instantly  into  a  solid  mass  of  ice. 

Diluting  the  fluid  a  little  does  not  interfere  with  the  deter- 
mination of  the  freezing-point.     Blood  must  be  placed  on  ice  or   , 
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in  a  refrigerator  for  forty-eight  hours  before  it  is  tested.  The 
zero  must  correspond  to  the  freezing-point  of  distilled  water  as 
verified  from  time  to  time.  For  method  of  obtaining  blood  for 
cryoscopic  study,  see  Bacteriology  of  Blood. 

The  molecular  concentration  of  any  liquid  is  expressed  in 
its  freezing-point,  which  lowers  proportionately  to  the  degree 
of  concentration.  Osmosis,  too,  has  an  important  bearing  on 
this  phenomenon,  since  the  osmotic  pressure  between  fluids 
separated  by  a  membrane  is  directly  proportional  to  the  mole- 
cules held  in  suspension;  thus  the  freezing-point  of  a  solution 
containing  several  substances  is  lowered  to  the  equivalent  of  the 
sums  of  the  freezing-points  of  each  substance  suspended  in  the 
liquid.  Human  blood  under  normal  physiologic  conditions  dis- 
plays a  fixed  freezing-point  — 0.56°  C. — below  distilled  water 
(Kummel). 

Clinical  Significance. — ^When  the  metabolic  products  are 
retained  in  the  blood  as  a  result  of  renal  insufliciency,  its  molec- 
ular concentration  is  increased  and  consequently  its  freezing- 
point  lowered,  as  has  been  found  in  the  blood  of  nephritis,  hydro- 
nephrosis, pyonephrosis;  and  experimentally  in  animals  after 
ligation  of  the  ureters.  The  freezing-point  of  the  blood  is  un- 
changed when  the  remaining  kidney  compensates  after  the  re- 
moval of  its  fellow. 

When  the  freezing-point  of  the  blood  is  lowered  to  —  0.58°  to 
— 0.61°  C. ,  both  kidneys  are  diseased,  and  surgical  operation  of 
any  kind  should  be  interdicted  until  the  freezing-point  is  about 
—  0.56°  C.  A  freezing-point  of  the  urine  less  than  —  0.9°  C.  indi- 
cates kidney  insufficiency,  and  whenever  one  kidney  is  supposed  to 
be  affected,  the  freezing-point  of  the  urine  obtained  by  catheteriza- 
tion of  the  ureters  or  by  segregation  may  be  of  clinical  value. 
Urine  from  the  diseased  kidney  will  congeal  at  a  higher  point  than 
will  that  from  its  fellow;  e,  g.y  urine  from  the  diseased  kidney 
freezes  at  — 0.50°  C,  and  urine  from  a  healthy  kidney  at  —  i-75^ 
C.  Generally  speaking,  it  is  impossible  to  draw  definite  deduc- 
tions from  the  estimation  of  the  freezing-point  of  the  urine,  owing 
to  the  wide  physiologic  limits  between  which  it  may  fluctuate — 
from  — 0.1°  to  — 2.0°  C.  under  normal  conditions.*  Tinker 
has  recently  averred  the  value  of  cryoscopy  as  an  index  to  renal 
insufficiency.!  The  method  of  Claude  and  Balthazard  has 
recently  appeared  in  a  detailed  translation  by  F.  Burthe.J  Thus 
far  the  methods  of  cryoscopy  are  given  for  physiologists'  use 
only,  and  arc  not  readily  adapted  to  clinical  use. 

♦  Kummel,  "  VerhandlunKon  dcr  dcutsch.  Gcscllsch.  f.  Chir.,"  29th  Congress. 
t  "Johns  Hopkins  Hosp.  Bui.,"  June,  1903,  p.  162. 
j  "  Med.  News,"  Jan.  2^^  1904,  p.  149. 
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OSMOTIC  PROPERTIES  OF  THE  BLOOD. 

The  red  cells  will  be  found  to  dissolve  promptly  when  a  drop 
of  blood  is  placed  in  distilled  water,  but  placed  in  a  solution  of 
salt,  of  sufficient  concentration,  the  red  cells  retain  their  hemo- 
globin, and  are  precipitated  at  the  bottom  of  the  liquid.  This 
solution  of  the  red  cells  is  the  result  of  the  law  of  osmosis:  i.  e., 
when  two  solutions  of  different  concentrations  are  separated  by 
an  animal  membrane,  these  solutions  pass  through  the  membrane 
until  they  are  of  equal  densities,  or  the  quantity  of  salt  in  each 
is  equal.  The  force  producing  this  interchange  is  termed  "  osmotic 
tension";  and  the  two  liquids  containing  an  equal  quantity 
of  salt  are  termed  "isotonic."  Fluids  containing  a  greater  or 
lesser  quantity  of  diffusible  salts  than  other  solutions  are  termed 
"hyperisotonic"  or  "hypisotonic,"  and  possess  the  faculty  of 
extracting  water  from  or  yielding  it  to  such  fluids  in  accordance 
with  the  laws  of  osmosis.  The  red  corpuscles  in  a  normal  speci- 
men of  human  blood  are  prevented  from  solution  when  added 
to  a  0.46  per  cent,  solution  of  NaCl.  We  therefore  regard  the 
isotonic  tension  of  human  red  corpuscles  to  be  0.46  per  cent. 
NaCl.  In  this  solution  the  red  cells  swell,  absorb  water,  but 
do  not  give  up  their  hemoglobin;  and  when  placed  in  sufficiently 
strong  solutions,  the  cells  shrink,  yielding  water  to  the  fluid. 

Normal  Salt  Solution. — ^A  0.9  per  cent,  solution  of  salt 
prevents  either  swelling  or  shrinking  of  the  red  cells.  Therefore 
this  strength  solution  represents  the  isotonic  tension  of  the  blood 
plasma,  and  is  universally  known  as  the  normal  salt  solution. 

Lowering  of  the  osmotic  tension  of  the  plasma  of  necessity 
leads  first  to  swelling  and  eventually  to  solution  of  the  red  cells. 
The  hyperisotonic  property  of  the  plasma  is  a  physiologic  safeguard 
for  the  preservation  of  the  red  cells  after  the  introduction  of  large 
quantities  of  water  into  the  circulation  (h}^odermoclysis).  There 
may  occur  variations  in  osmotic  tension  which  affect  the  volume 
of  the  red  cells.  Certain  other  diffusible  principles,  as  albumins, 
ako  influence  the  isotonic  relation  of  the  blood;  which  shows  that 
its  isotonic  properties  do  not  depend  entirely  upon  the  presence 
of  salt.  Limbeck  found  only  0.2  per  cent,  of  salt  in  the  red  cells, 
while  their  isotonic  tension  equaled  at  least  0.46  per  cent.  NaCl. 
It  has  been  further  shown  by  Hamburger  *  that  albumins,  chlorids, 
and  phosphates  appear  differently  when  under  varying  osmotic 
conditions. 

The  addition  of  acid  to  blood  causes  phosphates  and  albumins 
to  pass  from  the  erythrocytes  into  the  scrum  and  the  chlorids 

♦  "Arch.  f.  exper.  Path.,"  vol.  xii,  p.  237. 
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change  from  the  serum  into  the  cells:  the  reverse  phenomena 
follow  the  addition  of  an  alkali.  Probably  most  important  among 
the  functions  of  osmotic  tension  is  the  influence  it  exercises  in 
causing  the  hemoglobin  to  be  contained  in  the  red  cells. 

Clinical  Significance. — Rather  wide  physiologic  variations 
in  the  isotonic  tension  of  the  blood  are  to  be  observed  normally; 
and  that  of  the  venous  blood  is  regarded  as  being  slightly  higher 
than  is  that  of  arterial  blood.  It  is  increased  by  the  addition  of 
hydrogen,  nitrogen,  arsenic,  CO,  CO,,  and  acids;  and  is  dimin- 
ished by  a  trace  of  alkalis  or  oxygen.  During  the  course  of 
typhoid  fever,  pneumonia,  erysipelas,  and  other  acute  infections, 
the  isotonic  tension  may  be  increased  (Limbeck).  It  was  also 
found  increased  in  leukemia,  secondary  anemia,  pregnancy,  and 
lactation;  but  low  in  jaundice  and  in  chlorosis. 


STUDY  OF  FIXED  AND  STAINED  BLOOD. 

SLIDES  AND  COVER-GLASSES. 

The  first  step  in  the  preparation  of  smears  or  films  upon  either 
cover-glasses  or  slides  has  been  previously  described  on  page 
35,  and  such  spreads  are  fixed  in  one  of  the  following  manners: 

The  method  I  have  found 
most  satisfactory  and  avail- 
able is  the  use  of  a  strip  of 
copper  about  J  x  4  x  28  inches 
(Fig.  37),  which  is  allowed  to 
balance  on  a  tripod,  with  the 
flame  of  a  Bunsen  burner  be- 
neath one  end  of  the  copper. 
After  the  copper  has  been 
thoroughly  heated,  fill  a 
pipet  with  cold  water  and 
drop  it  on  the  copper  at  dif- 
ferent distances  from  the  flame.  At  the  point  where  the  water 
boils,  but  is  not  excited  into  bubbles  that  bounce  oflF  the  stage, 
place  the  cover-glasses  or  slides,  specimen  down,  and  allow  them 
to  heat  for  twenty  minutes.  They  are  then  removed,  labeled,  and 
placed  in  small  pasteboard  boxes,  where  they  may  be  kept  for 
an  indefinite  time. 

Spreads  may  also  be  fixed  by  placing  them  in  a  Petri  dish, 
specimen  up,  and  this  dish  set  within  a  larger  dish  containing  a 
small  quantity  of  40  per  cent,  formalin.  Cover  the  larger  dish 
and  permit  the  surface  of  the  smears  to  be  exposed  to  the  fumes 


Fig-  37- — Stage  for  fixing  blood. 
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of  ihe  formalin  for  from  twenty  minutes  to  a  few  hours.     Results 
from  this  method  of  fixation  are,  at  times,  unsatisfactory. 

Grasp  a  cover-glass  or  a  slide  containing  a  spread  in  the  for- 
ceps and  pass  it  rapidly  through  the  flame  of  a  Bunsen  burner, 
care  being  taken  that  after  each  insertion  into  the  flame  the  surface 
of  the  glass  is  touched  upon  the  palmar  surface  of  ihc  hand.  A 
guide  to  the  degree  of  heat  applied  is  obtained  in  this  way,  and 
after  four  or  live  applications  to  the  flame  the  specimen  is  often 


well  fixed;    yet  considerable  skill  is  necessary  for  the  successful 
employment  of  this  method. 

Arrange  the  smears  in  a  Petri  dish,  cover,  and  allow  to  stand 
in  an  incubator,  at  a  temperature  of  37°  C,  for  twenty-four  hours. 
A  fixing  solution  containing — ' 

•  Oamicacifl i  gm. 
Sodium  chlorid 0,6  " 
Distilled  water loo      c.c. 

maybe  applied  at  the  time  the  films  are  made.    (1)  Wash  a  small 
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camers-hair  brush  in  alcohol  to  remove  all  fats.  (2)  Immerse 
the  brush  in  the  fixing  solution,  and  then  touch  it  to  the  summit 
of  the  drop  of  blood,  when  the  blood  is  disseminated  through 
the  brush,  and  is  acted  upon  by  the  osmic-acid  solution.  (3) 
Smears  are  made  by  drawing  the  tip  of  the  brush  over  the  surface 
of  a  slide  or  cover-glass  and  are  permitted  to  dry  in  the  air.* 
A  number  of  films  may  be  made  after  a  single  application  of  the 
brush  to  the  blood. 

STAINING. 

The  most  essential  points  in  the  staining  of  blood  are  the 
results  obtained  by  a  given  method  and  the  simplicity  of  the 
method  employed.  In  1891  Romanowsky  detailed  a  method  for 
the  staining  of  malarial  parasites  by  which  the  chromatin  and 
the  cytoplasm  were  stained  differently.  Since  the  appearance  of 
Romanowsky's  original  paper  many  have  tried  to  perfect  a  similar 
staining  method.  Jenner  detailed  a  most  practical  stain  for 
blood;  and  Leishman  simplified  to  some  extent  Jenner's  method. 
It  was  not  until  1902  that  J.  H.  Wright  gave  to  the  profession  a 
practical  application  of  this  method. 

Eosin  and  Hematoxylin. — It  has  been  my  custom  to  employ 
this  stain  almost  entirely  in  class  work  and  rather  extensively 
in  my  general  clinical  studies.  The  solutions  necessary  for  this 
method  of  staining  the  blood  are:  first,  one-half  of  one  per  cent, 
of  eosin  in  70  per  cent,  alcohol;  and,  second,  Delafield's  hema- 
toxylin: 

Hematoxylin  crystals 4  gm. 

Alcohol  (absolute) 25  c.c. 

Ammonia-alum  crystals 52  gm. 

Distilled  water 400  c.c. 

Glycerin   100    " 

Methyl-alcohol 100    " 

Preparation. — Place  the  alcohol  in  a  mortar,  add  the  hema- 
toxylin crystals,  and  rub  until  well  dissolved;  then  place  in  a  clear 
glass  bottle,  cork  loosely,  and  allow  to  stand  exposed  to  the  light 
for  four  davs.  Add  the  ammonia-alum  crvstals  to  the  water 
and  treat  in  a  similar  manner.  At  the  end  of  four  days  mix  these 
two  solutions,  shaking  thoroughly,  and  after  a  few  hours  filter. 
The  glycerin  and  methyl-alcohol  are  now  added,  and  the  mixture 
allowed  to  stand  for  several  hours.  The  solution  is  now  filtered, 
placed  in  a  clear  bottle,  and  allowed  to  stand  exposed  to  the  sun- 
light for  six  weeks  fripcning  process),  when  it  will  be  found  ready 
for  use. 

*  Kornilouitch,  "Vratch,"  Nov.  17,  1901,  vol.  xxii,  No.  46. 
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Application  of  Stain. — First  stain  the  specimen  with  the  eosin 
for  one-half  minute;  wash  in  water.  Then,  without  drying,  stain 
with  hematoxylin  for  from  one  to  three  minutes,  as  the  time  varies 
greatly  with  different  stains  even  though  they  be  prepared  in  essen- 
tially the  same  manner.  Wash  and  dry  the  specimen,  and  mount 
as  before  described. 

Instead  of  hematoxylin,  a  two  per  cent,  aqueous  solution  of 
methylene-blue  may  be  employed  for  one-half  minute.  A  mixture 
of  eosin  and  hematoxylin  has  been  suggested,  but  in  my  hands  it 
gave  unsatisfactory  results;  a  mixture  of  eosin  and  methylene-blue 
is  serviceable  for  staining  the  malarial  parasite.  The  eosin  and 
hematoxylin  method  possesses  certain  properties  necessary  for  the 
study  of  the  finer  structure  of  the  nuclei,  karyokinetic  figures, 
and  basophilic  granules,  but  is  not  generally  conceded  to  be  as 
valuable  as  Ehrlich's  mixture  for  diagnostic  purposes.  In  the 
greater  part  of  clinical  work,  however,  the  former  method  will 
be  found  to  be  most  reliable  and  satisfactory. 

mCROSGOPIC  EXAHINATION  OF  THE  STAINED  BLOOD. 

It  is  possible  to  determine  the  character  of  the  specimen  by 
a  two-thirds  or  one-sixth  objective,  but  in  order  to  bring  out 
clearly  and  to  study  in  detail  the  morpholog}'  of  the  finer  struct- 
ures of  the  cells  and  their  granules  a  one-twelfth  oil-immersion 
objective  is  required. 

Normal  Blood. — Normal  human  blood  when  stained  with 
eosin  and  hematoxylin  displays  certain  characteristics  which 
distinguish  it  quite  clearly  from  the  blood  of  animals  (Plate  2), 
but  disease  is  capable  of  producing  retrograde  changes,  in  which 
case  the  red  cells,  principally,  are  distorted  and  resemble  those 
found  in  the  lower  forms  of  animal  life;  such  changes  depending 
entirely  upon  the  variety  and  degree  of  disease  present.  Physio- 
logically, this  condition  is  observed  in  blood  from  the  umbilical 
cord  of  the  fetus — an  advantageous  source  from  which  to  prepare 
spreads  for  class  work,  since  nucleated  red  cells  are  present  in 
considerable  numbers  (Plate  2). 

Fixing  and  Staining  Combined. — ^Jenncr's  method  for  these 
two  steps  in  hematologic  technic  deserves  more  than  passing 
recognition.  In  the  author's  hands  it  has  proved  entirely  satis- 
factory, and  it  has  been  further  found  that  good  results  attend 
the  use  of  this  stain  for  specimens  previously  fixed  by  heat.  Jen- 
ner's  solution  is  applied  in  the  usual  manner  to  an  unfixed  film, 
and  permitted  to  stain  for  from  one  to  three  minutes;  wash  in 
water,  ten  to  thirty  seconds,  until  a  pink  tint  appears.     The  red 
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and  white  cells,  nuclei,  and  granules  are  brought  out  clearly  and 
.definitely  (Plate  7).  The  malarial  parasite  stains  deeply  (red), 
as  a  rule,  but  Jenner's  method*  cannot  be  said  to  equal  that  of 
eosin  and  hematoxylin  or  of  Nocht's  method.f  F.  C.  Wood  J 
has  reviewed  the  literature  in  reference  to  the  various  modifications 
of  Jenner's  method,  and  in  addition  suggests  a  rapid  stain  for  the 
malarial  parasite,  the  preparation  of  which  stain  can  be  found 
by  .reference  to  Wood's  article. 

Jenner's  Stain. — Place  equal  parts  of  an  aqueous  solution 
of  yellow  eosin  (1.25  per  cent.)  and  of  an  aqueous  solution  of 
medical  methylene-blue  (i  per  cent.)  in  a  rather  broad  dish,  mix 
thoroughly,  cover,  and  allow  to  stand  for  twenty-four  hours. 
Filter,  and  dry  in  an  oven  at  55°  C.  or  in  the  air.  The  residue 
clings  to  the  filter-paper,  which  is  now  to  be  pulverized  and  washed 
in  distilled  water.  Shake  well,  and  again  wash  upon  a  filter; 
dry,  powder,  and  place  in  a  bottle.  Dissolve  0.5  gm.  of  powder 
in  100  c.c.  of  methyl-alcohol  (Merck's  alcohol  for  analytic  use). 
G.  Grubler's  stains  should  be  used. 

Wright's  Method. — ^The  blood  when  smeared  on  slides  or 
cover-glasses  is  allowed  to  dry  in  the  air.  The  spread  blood  does 
not  stain  well  after  it  is  exposed  to  the  air  for  several  months. 

1.  Add  to  the  specimen  sufficient  of  an  alcohoUc  solution  of 
the  stain  to  cover  the  film,  and  allow  it  to  stand  for  one  minute, 
to  fix  the  corpuscles. 

2.  To  the  alcoholic  solution  of  the  stain  now  on  the  specimen 
add  water,  drop  by  drop,  until  the  stain  becomes  semitranslucent 
and  a  yellowish,  metallic  scum  forms  on  the  surface.  Permit  this 
diluted  stain  to  cover  the  specimen  for  two  or  three  minutes. 

3.  Wash  the  heavily  stained  specimen  in  water  until  the  film 
of  blood  gives  a  yellowish  or  pink  tint  to  the  naked  eye. 

4.  When  the  desired  tint  is  reached,  dry  immediately  between 
blotting-paper,  lest  decoloring  be  carried  too  far.  The  specimen 
is  now  ready  to  be  mounted  in  Canada  balsam. 

Microscopic  Appearance  of  Stained  Blood. — The  red  cells  are 
orange  or  pink,  and  their  nuclei  are  deep  blue  and  their  cytoplasm 
presents  a  bluish  tint.  Granular  basic  degeneration  of  the  red 
cells  is  made  evident  by  this  slain.  Polynuclear  neutrophilic 
leukocytes  show  dark-blue  or  dark-lilac  colored  nuclei  and  the 
granules  arc  of  a  reddish-lilac  color. 

I^ymphocytes  have  dark,  puq:)lish-blue  nuclei;  the  cytoplasm 
is  robin's-cgg  blue,  and  in  it  arc  seen  a  few  dark-blue  or  purplish 
granules. 

♦  "Lancet,"  iSoo,  vol.  i.  p.  ^70.  t  "Ency.  K.  d.  mik.  Technik,"  p.  785* 

X  "Med.  News,"  Aug.  8,  1903,  p.  248. 
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Eosinophils  display  blue  or  dark-lilac  colored  nuclei.  The 
granules  are  stained  red  by  the  eosin  (Plate  13),  but  the  cytoplasm 
in  which  they  are  imbedded  is  of  a  blue  color. 

Large  mononuclears  present  blue  or  dark-lilac  colored  nuclei. 
Some  of  these  cells  show  pale-blue  or  lilac  cytoplasm,  while  others 
in  addition  contain  dark-lilac  or  deep-purple  granules. 

Mast  cells  resemble  the  ordinary  polynuclear  leukocyte,  and 
in  addition  display  coarse  spheric  granules,  which  are  stained 
dark-blue,  purple,  or  at  times  blackish. 

Myelocytes  contain  purplish  or  dark-blue  nuclei.  In  the 
cytoplasm  are  seen  numerous  dark-lilac  or  reddish-lilac  granules. 

Blood-plates  appear  as  small  round  or  oval  bodies  and  are 
stained  blue  or  purplish.  These  bodies  show  irregular  margins 
and  their  substance  contains  fine  blue  or  purplish  dots. 

Preparation  of  Wright's  Stain. — i.  Prepare  in  an  Erlen- 
meyer  flask  a  one-half  of  one  per  cent,  solution  of  sodium  bicar- 
bonate, and  to  it  add  one  per  cent,  of  methylene-bluc  (Grubler 
"BX,"  "Koch's,"  or  "Ehrlich's  Rectified"). 

2.  Place  the  mixture  in  an  Arnold  steam  sterilizer  for  one  hour. 

3.  Remove  and  allow  to  cool;  then  pour  into  a  large  flask  and 
add  gradually  (agitating  after  each  addition)  sufficient  quantity 
of  a  i-iooo  solution  of  yellow  eosin  (Grubler's  soluble  in  water) 
until  the  mixture  develops  a  purple  color  and  a  yellowish,  metallic 
scum  forms  on  the  surface.  A  finely  granular,  blackish  precipitate 
is  now  partially  suspended  in  the  mixture.  Approximately  one 
part  of  blue  solution  to  five  parts  of  eosin  solution  gives  this 
result. 

4.  Collect  the  precipitate  on  a  filter-paper,  dry  thereon,  and 
powder  (see  Jenner^s  Stain). 

5.  Place  three-tenths  of  a  gram  of  this  dried  stain  in  100  c.c. 
of  methyl-alcohol. 

6.  Filter  this  saturated  alcoholic  solution  of  the  precipitate, 
and  to  the  filtrate  add  25  per  cent,  (one-fourth  its  quantity)  of 
methyl-alcohol. 

Caution, — Wright's  stain  is  permanent,  and  may  be  kept 
ready  for  use.  It  must  be  well  corked,  since  evaporation  of  the 
alcohol  enhances  precipitation,  in  which  instance  dark  particles 
of  the  stain  are  found  on  the  stained  blood-film. 

Ehrlich's  Tricolor  Mixture. — Saturated  aqueous  solution  of 
orange  G,  6  c.c;  saturated  aqueous  solution  of  acid  fuchsin, 
4  c.c;  to  this  is  added,  a  few  drops  at  a  time,  shaking  between 
each  addition,  saturated  aqueous  solution  of  methyl-green,  6.6 
cc;  then  add  glycerin,  5  c.c;  absolute  alcohol,  10  c.c;  and 
water,  15  cc.     Shake  well  for  two  or  three  minutes,  and  allow 
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F»gr.    39.— Wash 
bottle. 


to  stand  twenty-four  hours.    Do  not  filter.     Grubler's  stains  are 
necessary. 

This  mixture  is  used  daily  in  my  laboratory,  and  meets  clinical 
demands  in  every  respect.  It  is  well  to  remember, 
however,  that  it  deteriorates  rapidly,  and  is  there- 
fore not  satisfactory  in  the  hands  of  the  inexper- 
ienced, and  also  that  it  is  often  troublesome  when 
used  by  its  most  ardent  advocates.  Certain 
admirable  features  are  most  prominent,  such  as, 
first,  a  single  staining  accomplishes  the  result; 
second,  it  is  impossible  to  overstain  the  speci- 
men, as  overstaining  always  depends  upon  faulty 
technic  in  the  fixing  of  the  specimen  (underheat- 
ing).  When  films  are  brought  to  a  temperature 
of  100^  or  120°  C,  the  heating  should  be  con- 
tinued for  a  long  time.  When  underheated,  the 
specimen  is  brown  or  red  instead  of  orange  yellow; 
when  overheated,  a  pale  lemon  yellow  to  the  naked  eye,  and  under 
the  microscope,  blurred. 

Method. — Place  the  slide  or  cover-glass  in  a  forceps  (Figs.  184- 
186),  and  lift  a  few  drops  of  the  stain  by  means  of  a  pipet,  allowing 
the  pipet  to  pass  only  a  short  distance  below  the  surface  of  the  liquid. 
Caution. — ^Never  shake  the  bottle  containing  the  stain  nor 
agitate  the  solution  with  the  pipet.  Cover 
the  entire  specimen  with  the  stain,  and  allow 
it  to  remain  for  five  minutes.  Remove  by 
washing  in  water  from  a  wash-bottle  (Fig.  39). 
At  this  point  the  specimen  is  to  be  dried 
between  blotting-paper  and  mounted  in  Can- 
ada balsam.  It  is  customary  for  the  author  to 
follow  Ehrlich's  stain  with  a  2  per  cent,  aqueous 
solution  of  methylene-blue  applied  for  ten  seconds,  and  removed  by 
washing.  The  specimen  is  then  dried  by  heat  or  between  blotting- 
paper  and  mounted  in  balsam.  The  methylene-blue  brings  out 
more  clearly  the  nuclei  of  the  cells. 

Method  of  Mounting. — The  mounting  of  the  specimen  which 
has  been  prepared  upon  the  slide  is  accomplished  as  follows: 

1.  Dr>4ng  the  specimen  thoroughly  in  the  air,  by  heat,  or  between 

filter-paper. 

2.  Add  a  drop  of  balsam  to  the  center  of  the  specimen,  care  being 

taken  not  to  cause  bubbles. 

3.  Allow  the  center  of  a  clean  cover-glass  to  fall  directly  upon 

the  summit  of  the  drop  of  balsam,  which  is  spread  by  the 
weight  of  the  glass. 


Fig.  40.— Slide  label. 
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The  slide  may  be  examined  immediately  under  a  low-power 
objective  and,  if  need  be,  immersion  oil  may  be  added  to  the  center 
of  the  cover  and  a  one- 
twelfth  oil-immersion  ob- 
jecti\'e  brought  into  focus 
without  destruction  in  the 
specimen.  Slides  should  be 
immediately  labeled  {Y\g.  ^6) 
and  mounts  permitted  to 
rest  upon  their  surface  for 
twenty-four  hours  while  the 
balsam  becomes  firm ;  after 
which  they  may  be  rung  (see  Melltod  jor  Ringing,  page  28). 
Slides  containing  permanently  mounted  specimens  should  be 
placed  in  a  case  (Fig.  41)  to  rest  upon  their  surface  for  twenly- 
foiir  hours. 


THE  ERYTHROCYTES. 


^^^niie  characteristic  features  of  the  erythrocytes  in  the  blood 
^^Bhan  are  best  described  by  the  accompanying  plates  (2, 6,  and  7), 
and  their  fidelity  as  to  size,  form,  and  the  smoothness  of  their  sur- 
faces is  ever  to  be  borne  in  mind;  since  deviations  from  this  stand- 
ard, when  not  the  result  of  faulty  technic,  have  a  definite  signifi- 
cance. They  vary  in  number  from  4,500,000  to  5,000,000  per  cubic 
millimeter,  and  6,000,000  is  not  an  uncommon  finding  in  healthy 
young  men.  Menstniation,  childbirth,  and  lactation  diminish 
the  number  of  red  cells  temporarily,  and  such  diminution  depends 
upon  ihe  capability  of  the  individual  organism  for  cell  regenera- 
tion. The  number  of  celU  is  low  at  puberty.  Either  chronic 
or  temporary  dilution  of  the  bb:>d,  as  may  result  from  the  tak- 
ing of  large  quantities  of  liquid,  lowers  the  number  of  cells,  the 
specific  gravity,  and  the  hemoglobin.  Hot  and  cold  baths,  ex- 
ercise, etc.,  from  their  effect  upon  the  vasomotor  system,  may 
temporarily  concentrate  or  dilute  the  blood  of  the  peripheral 
circulation  and  cause  it  to  show  either  an  increased  or  diminished 
number  of  cellular  elements,  and  the  hemoglobin  and  specific 
gravity  will  here  be  found  in  direct  proportion  to  the  degree  of 
concentration  or  dilution. 

The  blood  is  temporarily  diluted  after  a  meal  at  which  liquids 
have  been  taken  liberally.  Fasting  produces  concentration  of 
the  blood  and  a  temporary  increase  in  the  number  of  the  red  cells. 
Muscular  persons,  as  a  rule,  have  more  red  cells  than  fat  indivi- 
duals. Again,  malnutrition  diminishes  the  number  of  red  cells, 
and  exhaustion  may  also  be  found  to  lessen  the  number  of  cells 
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in  certain  cases.  Age  plays  a  prominent  part  as  regards  the 
number  of  red  cells — the  infant  usually  shows  from  6,000,000 
to  8,500,000  erythrocytes  per  cubic  millimeter  during  the  first 
week  of  life,  while  at  the  other  extreme  of  life  the  cells  may  often 
be  found  below  the  normal,  yet  this  is  not  constant.  The  in- 
fluence of  season,  race,  and  climate  is  unimportant  in  this  con- 
sideration. 

ANEMIA. 

Anemia  is  a  condition  wherein  there  is  a  deficiency  in  the  red 
cells  or  in  the  hemoglobin  or  in  both,  with  or  without  change  in 
the  number  of  leukocytes,  the  total  volume  of  blood,  or  further 
appreciable  alteration  in  the  chemic  composition  of  either  the 
cellular  elements  or  the  serum.  For  clinical  study  anemia  may 
be  divided  into  two  classes,  primary  anemia  and  secondary  anemia. 
In  the  first  class  are  to  be  placed  conditions  where  there  exists 
an  impo\'erishment,  either  of  the  whole  blood  or  of  any  of  its 
properties — the  cause  of  such  impoverishment  being  unknown; 
e.  g.,  pernicious  anemia,  leukemia,  and  chlorosis.  Secondary 
anemia  includes  conditions  wherein  the  blood  becomes  impover- 
ished as  the  result  of  some  known  cause;  e,  g.,  diabetes,  organic 
heart  disease,  tuberculosis,  etc. 

Generally  speaking,  every  anemia  is  secondary,  since  even  in 
the  first  variety  of  our  classification  there  must  exist  some  cause. 
Sufficient  tangible  evidence  is  available,  however,  to  warrant 
our  regarding  some  forms  of  anemia  as  dependent  upon  a  primary 
disease  of  the  blood-making  organs,  or  upon  a  specific  process 
resulting  in  a  destruction  of  one  or  more  elements  of  the  blood. 
It  must  be  remembered  that  secondary  anemia  may  sim- 
ulate closely,  and  is  often  not  to  be  distinguished  from,  primary 
anemia;  e.  g.y  syphilis,  gastric  carcinoma,  intestinal  parasites 
(ankylostomiasis).  Anemia  identical  with  pernicious  anemia 
may  follow  the  more  severe  secondary  forms;  and,  again,  primary 
anemia  may  result  from  mental  strain,  pregnancy,  fright,  anxiety, 
and  grief,  in  which  cases  it  is  termed  **primar}'"  (see  Individual 
Forms) J  though  in  reality  such  anemia  is  **secondar}\" 

Chemistry  of  the  Erythrocytes. — The  analyses  of  Hoppe- 
Seyler,  Schmidt,  and  Judell,  though  subject  to  criticism  since 
the  red  cells  were  separated  from  the  scrum  by  the  use  of  sodium 
sulphate  and  sodium  chlorid,  furnish  the  best  available  data  for 
their  approximate  chemic  composition.  The  specific  gra\ity 
of  the  erythrocytes  is  near  1.088,  and  they  contain  nearly  90  per 
cent,  of  oxyhemoglobin,  a  slight  amount  of  globulin-like  albumin 
which  coagulates  at  75°  C,  and  a  trace  of  cholcsterin  and  lecithin. 
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BLOOD-CORPTJSrLES    OF    VARIOUS 

1.  Frog's  blood.-  Red  tdls  nucleulc.'d,  e[li|itif:  white  cdls  small,  wilh  indiMinct 
rough  margins. 

z.  Pigeon's  blood:  Note  the:  fine  granules  of  the  Eosinophiles. 

3.  BI(xk]  from  umbilical  cord  o(  Ibe  felus,  showing  nuclcutrd  red  cells. 

4.  HoiBc's  blood:  Note  contour  of  red  cells  and  also  large  granules  of  the 
en&iDa;<hi1ic  leukocytes,  one  of  which  is  mononuclear. 

5.  Camrl's  blood:  Note  contour  of  red  cells  and  irregularity  in  staining.     No 
(luckalcd  red  cells  were  found.    Two  animals  were  studied. 

6.  Normal  human  blood.  (All  specimens  stained  with  cosin,  hcmalusvlln,  anil 
mcthylene-liluc.     Obj,  B  and  L.  ont-twelftb  oil-imTnersic)n.) 
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Such  salts  as  phosphate  of  sodium,  p)otassium,  calcium,  magne- 
sium, and  chlorid  of  potassium  are  present.  The  predominant 
salt  found  in  the  blood-serum  is  NaCl. 

Increased  Specific  Gravity. — The  specific  gravity  of  the  red 
cells  according  to  Schmidt  is  increased  in  cholera,  dysentery, 
and  dropsy;  and  a  chemic  analysis  shows  that  they  partake 
of  the  changes  which  affect  the  serum — losing  water,  salt,  and, 
lastly,  albumin. 

Recently  an  attempt  at  estimating  the  normal  contents  of 
nitrogen  for  the  red  celk  was  made  by  v.  Jaksch,  who  found  wide 
variations  in  both  health  and  disease.  The  dried  residue  of  the 
red  celk  after  the  addition  of  sodium  oxalate  has  been  found  by 
Biemacki*  to  be  equal  to  from  29.28  to  30  per  cent.  This  per- 
centage has  been  known  to  fall  in  cases  of  both  essential  and 
secondary'  anemia. 

Increased  Water, — The  increased  amount  of  water  in  the  red 
cells  has  been  observed  in  hydremia  by  the  same  author,  who 
has  contributed  valuable  data  upon  the  relation  of  PjO,,  Fe,  K, 
and  also  sodium  chlorid  in  the  er}'throcyte  (see  Hemoglobin). 

HYDREMIA. 

The  liquid  properties  of  the  blood  may  be  found  increased 
in  a  variety  of  conditions.  A  temporary  dilution  of  the  blood 
is  seen  after  the  ingestion  of  large  quantities  of  liquids,  hypoder- 
moclysis,  enteroclysis,  and  when  large  quantities  of  water  have 
been  extracted  from  the  tissue  (see  Dwbetes,  page  68j ;  but  when 
found  in  connection  with  such  conditions,  hydremia  is  of  limited 
significance.  When  the  total  volume  of  blood  remains  nearly  con- 
stant and  there  is  a  loss  of  solids  or  of  the  cellular  elements,  there 
must  of  necessity  be  an  increase  in  the  liquid  properties;  therefore 
the  blood  of  anemic  persons  is  hydremic. 

Clinical  Significance. — The  blood  of  women  is  usually  less 
rich  in  corpuscles  and  it  is  more  hydremic  than  the  blood  of  men. 
The  blood  of  persons  suffering  from  secondary  anemia  and  of 
chlorosis  shows  about  the  normal  amount  of  water  in  their  serums. 
In  pathologic  conditions  accompanied  by  dropsy  the  blood  may 
contain  more  than  the  normal  amount  of  water,  which  affects 
both  the  corpuscles  and  the  plasma. 

ANHYDRBMIA. 

A  reduction  of  the  total  volume  of  blood  with  concentration 
of  the  solids  may  result  from  both  physiologic  and  pathologic 

*  "Zeit.  klin.  Med.,"  vol.  xxiv,  p.  460. 
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conditions;  e.  g.^  violent  exercise  with  profuse  perspiration,  and 
dry  diet;  or  after  depletion,  as  is  seen  in  dysentery,  cholera  asiatica, 
during  certain  stages  of  diabetes  mellitus,  and  also  in  plethora. 
Anhydremic  blood  may  contain  an  excess  of  fats. 


POLYCYTHEMIA. 

Polycythemia,  a  condition  wherein  the  whole  blood  displays 
too  many  red  corpuscles  per  cubic  millimeter,  is  physiologic  in 
the  new-bom;  and  when  pathologic,  may  be  either  general  or  local 
When  general,  blood  obtained  from  any  portion  of  the  body 
discloses  this  phenomenon,  which  may  exist  as  a  result  of  dis- 
ease of  the  heart,  obstruction  to  the  circulation  through  the 
lung,  congenital  deformities  of  the  heart,  pressure  from  tumors, 
serous  eflfusions,  etc.  The  vessels  of  a  given  part  of  the  body 
may  be  overcrowded  with  corpuscles  as  the  result  of  mechan- 
ical appliances, — e.  g,,  application  of  Esmarch's  bandage, — 
from  disease,  or  from  vasomotor  disturbance  (local  polycythe- 
mia). 

Cyanosis. — Cyanosis,  resulting  from  whatever  cause,  may 
produce  an  increase  in  the  number  of  cclk  in  a  given  quantity 
(drop)  of  blood.  A  single  drop  of  blood  is  an  expression  of  the 
whole  capillary  circulation;  yet  capillary  blood  is  richer  in  cor- 
puscles than  is  arterial  or  venous  blood.  Standards  of  the  normal 
number  of  corpuscles  per  cubic  millimeter  are  estimated  from 
capillary  blood.  I  have  seen  the  number  of  cells  per  cubic  milli- 
meter reach  twice  that  of  the  normal  under  such  conditions. 
Blood  collected  from  the  capillary  circulation  of  a  paralyzed 
limb  is  unusually  rich  in  cellular  elements  (local  polycythemia). 

In  chronic  cvanosis  the  number  of  red  cells  will  often  be  found 
to  be  from  7,000,000  to  10,000,000  per  cubic  millimeter,  and  the 
hemoglobin  is  also  far  above  the  normal,  varying  from  120  to 
150  per  cent.  The  specific  gravity  of  the  blood  is  likewise  in- 
creased to  from  1.065  to  1.080.  The  leukocytes  are  found  to  be 
less  influenced  by  general  chronic  cyanosis,  and  usually  vary  from 
5000  to  16,000  per  cubic  millimeter,  rarely  reaching  20,000.  Osier* 
has  reported  a  series  of  these  cases  wherein  the  maximum  findings 
were  red  cells  12,000,000,  leukocytes  20,000  per  cubic  millimeter, 
hemoglobin  165  per  cent.,  and  the  specific  gravity  1.083. 

Caution. — Cyanosis  figures  prominently  in  all  blood  counts 
made  upon  those  suffering  from  severe  anemia,  or  from  such  condi- 
tions as  pneumonia,  and  where  large  serous  effusions  exist.     I  have 

*  *' Amcr.  Jour.  Med.  Sci.,"  -\ug.,  1903. 
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repeatedly  seen  gross  error  resulting  from  failure  to  observe 
this  important  factor — cyanosis.  In  a  case  of  pernicious  anemia 
observed  at  the  Philadelphia  Hospital,  blood  from  the  lobe  of 
the  ear  showed  1,840,000  red  cells  per  cubic  millimeter,  while 
blood  from  the  finger  (hand  cyanosed)  showed  4,600,000.  In 
lobar  pneumonia  with  extensive  consolidation,  and  in  all  con- 
ditions accompanied  by  cyanosis,  we  find  the  number  of  corpuscles 
per  cubic  millimeter  above  the  normal,  when  the  total  blood  is 
really  poor  in  cellular  elements. 

.\fter  recovery  from  some  prolonged  illness,  associated  with 
severe  anemia,  regeneration  of  the  red  cells  may  be  rapid  and 
their  number  reach  6,000,000  per  cubic  millimeter.  In  obesity 
I  have  seen  the  red  cells  reach  6,000,000  to  7,000,000  per  cubic 
millimeter,  and,  through  the  courtesy  of  Dr.  J.  M.  Anders,  a 
similar  count  was  obtained  from  a  boy  eighteen  years  of  age,  who, 
formerly  a  resident  of  Philadelphia,  had  just  returned  from  a 
year's  visit  to  the  tropics.  The  hemoglobin  was  114;  and  the 
blood  became  normal  after  a  six  months'  stay  in  Philadelphia. 

Bums. — Locke,  in  severe  bums  with  recovery,  found  an 
increase  in  the  er}'throcytes  of  from  1,000,000  to  2,000,000  per 
cubic  millimeter  to  take  place  within  a  few  hours.  An  increase 
of  from  2,000,000  to  4,000,000  per  cubic  millimeter  developed 
in  fatal  cases. 

Anesthesia. — Study  of  a  series  of  cases  reported  in  collabo- 
ration with  Dr.  J.  M.  Anders  shows  that  polycythemia  results 
from  the  administration  of  ether  both  in  healthy  men  and  in 
rabbits.  These  experiments  consisted  in  counting  the  blood 
immediately  before  the  administration  of  the  anesthetic,  and  in 
making  subsequent  counts  ever}'  twenty  minutes  during  the 
administration  of  the  ether;  one  hour  after  the  ether  had  been 
discontinued,  and  several  times  daily  until  the  blood  returned 
to  the  normal.  Here  blood  concentration  was  not  accompanied 
by  a  decided  rise  in  the  hemoglobin  (see  Hemoglobin ,  page  41). 
In  the  studv  of  human  blood  after  the  administration  of  ether 
it  should  be  stated  that  the  patients  were  not  purged  before  ad- 
ministering the  anesthetic;  therefore  the  polycythemia  observed 
depended  upon  the  effects  of  the  anesthetic,  as  did  also  the  great 
reduction  in  the  hemoglobin.  Polycythemia  resulting  from  the 
administration  of  ether  was  found  to  be  of  short  duration,  and 
w^s  alwavs  followed  by  a  decided  reduction  in  the  number  of 
red  cells,  which  reduction  followed  the  fall  in  the  hemoglobin  (see 
Hemoglobin), 

Causes. — Temporary  or  permanent  lack  of  rtuid  within  the 
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vessels  causes  concentration  of  the  blood,  and  may  result  from 
the  limited  use  of  liquids,  purgation,  diarrhea,  dysentery,  profuse 
sweating,  vomiting,  and  the  rapid  accumulation  of  serous  eflfu- 
sions.  In  a  case  observed  in  the  Philadelphia  Hospital  with  an 
extensive  pleural  eflFusion  of  some  weeks'  duration  the  red  cells 
numbered  3,860,000.  Forty  ounces  of  fluid  were  removed  from 
the  pleura  by  aspiration,  but  at  the  end  of  twenty-four  hours  the 
effusion  had  reappeared  in  the  pleura  and  at  this  time  the  red 
cells  numbered  5,200,000  per  cubic  millimeter,  an  increase  of 
1,340,000  cells. 

Great  variation  may  be  found  in  cases  of  phthisis  when  the 
blood  is  counted  before  and  after  a  night-sweat.  Thermic  changes 
and  drugs  (suprarenal  extract)  may  cause  temporary  concentra- 
tion of  the  blood,  as  does  also  a  rise  of  the  blood  pressure.  Con- 
centration depends  upon  interchange  of  contents  between  the 
blood-vessels  and  the  tissues,  but  this  change  affects  mostly  the 
watery  element  of  the  blood;  the  red  cells  taking  but  little,  if  any, 
part  in  the  process.  Cold  induces  an  increase  in  the  number  of 
leukocytes  in  the  peripheral  circulation;  yet  evidence  to  show 
that  there  is  an  increase  in  the  total  number  of  leukocytes  is 
wanting.  Concentration  dependent  upon  such  causes  exists 
but  for  a  short  time,  since  the  general  body  tissues  appear  to  give 
up  sufficient  liquid  to  restore  this  loss. 

Effect  of  Altitude  upon  the  Blood. — ^The  blood  of  persons 
living  at  high  altitudes  shows  an  increase  of  red  cells  per  cubic 
millimeter.  This  change  is  also  manifest  in  those  living  in  low 
altitudes  who  make  short  sojourns  among  the  mountains.  The 
higher  the  altitude,  the  greater  the  increase  in  the  number  of  cells. 
The  hemoglobin,  too,  increases  under  such  conditions,  but  this 
increase  is  not  in  proportion  to  that  of  the  red  cells.  The  blood 
of  persons  changing  from  near  the  sea-level  to  an  altitude  of  several 
thousand  feet  displays  great  irregularity  in  the  size  and  shape 
of  the  erythrocytes  (microcytes)  during  the  first  few  weeks'  stay 
in  such  districts,  but  later  these  conditions  disappear,  and  the 
hemoglobin  reaches  a  level  corresponding  to  the  number  of  red 
cells.  After  returning  from  the  mountains  to  the  lowlands  the 
blood  count  rapidly  returns  to  the  normal.  Herrera  and  Lope 
collected  data  from  the  literature,  and  in  the  following  table 
I  have  abstracted  liberally  from  their  compilation,  endeavoring 
to  tabulate  the  average  number  of  cr\'throcytcs  found  to  be  repre- 
sentative of  the  normal  at  various  altitudes: 
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ALTirUDE. 


Location. 


Mf.trks. 


Feet. 


By  Whom  Ob^^ervep. 


I 

Red  Cells 
PER  Centi- 

I       METER. 


Christiania Sea-level 

Paris 

Gottingen 

Tubingen 

Zurich 

Auerbach 

Reiboldsgriin 

Arosa    

Citv  of  Mexico 

Colorado  Springs.. 
Morococha 


latxhe 


78 

2SS 

Hayem 

148 

48s 

Schap|)er 

314 

1,030 

Reinert 

412 

1.35 1 

Stierlin 

400-450 

1312-1476 

Wolf  and  Koppe 

700 

2,296 

tt      it         <« 

1800 

5.905 

Egger 

2256 

7.550 

Herrera  and  I^pe 

1824 

6,000 

Campbell  and  Hoagland 

4392 

14,409 

Viault 

4,970,000 
5,000,000 

5,225,000 
5,322,000 
5,752,000 
5,748,000 
5,970,000 

7,000,000 
I  6,500,000 

5,700,000 

8,000,000 


A  slight  increase  may  result  from  latitudinal  variations. 
Clinically,  we  not  only  obsen^e  an  increase  in  the  number  of  red 
cells  and  in  the  density  of  the  blood  of  persons  residing  at  elevated 
regions,  but  hand-in-hand  with  these  phenomena  there  develop 
increased  density  of  the  urine,  milk,  body  liquids,  and  diminu- 
tion of  the  intravascular  tension  of  the  blood.  A  number  of  theories 
have  been  advanced  concerning  the  production  of  the  p)olycy- 
themia  of  altitudes,  but  it  appears  plausible  that  polycythemia 
and  its  concomitant  phenomena  result  from  diminished  barometric 
pressure,  which  lessens  the  amount  of  oxygen  or  oxygen  pressure. 
The  red  cells  being  the  hemoglobin  carriers  of  the  body  are  the 
first  of  the  body  tissues  to  manifest  this  change,  and  their  increase 
in  number  bears  sufficient  close  relation  to  the  degree  of  altitude 
to  suggest  that  the  increase  is  just  sufficient  to  meet  the  demands 
made  by  the  general  body  tissues  for  oxygen.  The  time  needed 
to  establish  this  equilibrium  is  quite  short.  Campbell  and  Hoag- 
land* obtained  the  following  counts  from  healthy  individuals  living 
at  an  altitude  of  6000  feet,  who  were  then  transported  to  eleva- 
tions of  io,oco  and  14,147  feet,  and  returned  to  the  starting-point: 


6000  Feet 

> 

IO,OC 

Pulse 

»  Fekt. 

14. 1 
Pulse 

47  Fket. 
1    Count 

6o<xJ 
Pulse 

Feet. 

Sex 

Age 

Weight 

Pulse 

Count 

Count 

Count 

Male 

44 

189 

78 

5.760,000 

84 

6,070,000 

84 

I  6,100.000 

7S    , 

5.790,000 

!• 

27 

150 

80 

64^0,000 

104 

644o.o«x) 

2^ 

1  6,510,000 

82     ' 

5,840.000 

«t 

17 

135 

80 

5.740,000 

«o 

5,7oo,o<x> 

^ 

5,730,000 

7.S    1 

5,670.000 

!• 

16 

1       150 

83 

6,150,000 

88 

6.28o,fxx) 

80 

i    0,3CX),0O') 

80    , 

5.970,000 

•  » 

10 

160 

90 

6,040,000 

84 

6.150.000 

as 

1  6.240,000 

«5 

6.420.000 

•  1 

18 

145 

^ 

5,8qo,ooo 

62 

6.750.000 

78 

6.96o.o«x) 

60 

5,500,000 

I. 

19 

120 

80 

5,680,000 

86 

6.340.000 

92 

6.38o,o«x) 

:*< 

5.575,<>» 

Female 

40 

,        "3 

7'^ 

6.iao,ooo 

80 

6.105.000 

88 

1  6.485.000 

7^ 

5,7{X),ooo 

•• 

51 

'        112 

84 

5480,000 

88 

6,670,000 

90 

i  6,170.000 

S,i     1 

5.090.000 

ao 

,        140 

H4 
So 

5.170,000 

88 
84 

5,790,000 
6.229.500 

q6 

88 

1  5.9S5.»x> 

1    6,2<>2,000 

78    1 

5.7fjo,oo.:> 

Average 

27 

142 

5,845,000 

5.734,500 

*  "  Amer.  Jour.  Med.  Sci.,"  vol.  cxxii,  p  654. 
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A  rise  of  50,000  red  cells  per  cubic  millimeter  followed  each 
additional  1000  feet  of  altitude. 

Polycythemia  of  Poisons. — Carbonic  Ozid  and  Phosphorus- 
Poisoning. — After  poisoning  with  CO  the  number  of  both  red 
and  white  celk  is  increased,  but  here  there  is  not  a  drawing  away 
of  the  liquid  properties  of  the  blood.  In  acute  phosphorus-poison- 
ing the  number  of  red  cells  is  often  greatly  increased,  which  in- 
crease may  be  explained,  in  part  at  least,  by  the  occurrence  of 
profuse  vomiting.    For  description  of  Polyglobulia  see  p.  524. 

SECONDARY  ANEMIA. 

Early  in  the  course  of  secondar}-  anemia  there  is  but  slight, 
if  any,  diminution  in  the  number  of  er}-throcytes,  but  as  a  rule 
each  cell  is  pale  (poor  in  hemoglobin),  and  yet  all  the  cells  may 
not  share  this  loss.  There  is  often  found  an  unequal  distribu- 
tion of  hemoglobin,  certain  cells  appearing  pale,  while  others  are 
normal,  of  small  size,  and  light  in  weight,  as  shown  by  a  low  specific 
gravity.  Such  anemia  commonly  results  from  unhygienic  sur- 
roundings. As  the  condition  progresses  there  is  to  be  obser\-ed 
merely  an  exaggeration  of  the  changes  above  mentioned,  and 
in  addition  many  of  the  cells  become  deformed  and  irregular 
in  size,  varying  from  that  of  mere  dwarfed  cells  to  giant  cells, 
many  of  which  display  gicat  irregularity  of  outline  (poikilocytcs). 
The  following  text  in  conjunction  with  plate  3  will  explain  the 
characteristic  features  of  the  various  abnormal  erythrocytes.  The 
several  degenerative  changes  to  which  the  red  cell  is  subject  may 
be  classified  as  follows: 

I.  Alterations  in  viscosity. 
II.  Endoglobular  changes  or  simple  decoloration. 

III.  Changes  in  the  shape,  size,  and  motility. 

IV.  Atypical  staining  properties. 
V.  Granular  basophilia. 

VI.  Total  necrosis  and  disintegration. 

VII.  Megaloblastic  forms. 

Many  of  these  changes  in  the  er}'throcytes  may  be  seen  to 
take  place  outside  the  body;  and  under  pathologic  conditions 
there  are  to  be  found  cells  displaying  such  abnormalities. 

Viscosity. — This  property  of  the  blood  is  detected  by  col- 
lecting fresh  blood  upon  a  slide  and  permitting  it  to  be  exposed 
to  the  air  for  a  short  time,  when  with  advancing  coagulation  the 
greasy,  slipper)'  feel  of  fresh  blood  is  replaced  by  a  var}'ing  degree 
of  tenacity  or  stickiness  (viscosity). 

Rouleaux  Formation. — Should  the  viscositv  be  increased 
{hyperviscosity),  the  er}'throcytes  instead  of  forming  rouleaux — 
when  the  red  corpuscles  agglutinate  one  upon  another  like  a 
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Vabious  Forms  Of  Ebvthhocvtes. 

nt,  Nonna[  erythrocvlt-s;  2,  karyokinetic  changes  in  the  nuclei  of  erylhrocylcs; 
^  p^mcnlalion  of  Ihc  nuclei  of  erythrocytes;  4,  polychromatophilia  i 
erylhrocylcs;  5,  mcgabblasls;  6,  raicroblnst;  7,  polychromaloiihilia  of 
8,  micnjcyles;  9,  macrocytra:  io,  poikilocylea.  At  Iho  lower  margin  of  the  pii 
is  xca  a  basophilic  leukocyte.  (From  blood  of  a  child  studied  at  Pennsylv 
Hotpilal.     Obj.  B,  and  L.  one-twelfth  oil-'  '     ' 
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column  of  coins — appear  in  dense  irregular  aggregations,  and 
when  a  cell  is  found  separated  from  these  masses,  it  may  be  greatly 
distorted.  When  the  viscosity  is  greatly  diminished  {hypovis- 
cosily)^  the  erythrocytes  are  found  singly,  floating  free  in  the  plasma, 
and  showing  little  or  no  tendency  to  rouleaux  formation.  The 
\iscosity  of  the  blood  is  influenced  largely  by  the  erythrocytes, 
yet  the  viscosity  of  the  serum  is  a  factor  of  importance. 

Estimation. — The  viscosity  of  human  blood  is  estimated  at 
about  five  times  that  of  distilled  water.  The  viscosity  of  a  blood 
having  a  specific  gravity  of  from  1.045  ^^  ^-^SS  is  expressed  by 
the  figure  5.1,  which  is  in  comparison  with  that  of  water  (i). 
To  determine  this  point  both  fluids  must  be  at  a  temperature  of 
38°  C.  A  close  relationship  between  the  degree  of  viscosity  and 
the  specific  gravity  does  not  exist,  yet  collectively  speaking  the 
lower  the  specific  gravity  of  the  blood,  the  less  marked  its  adhesive- 
ness. 

Clinical  Significance. — The  viscosity  of  the  blood  is  increased 
by  a  diet  largely  nitrogenous,  exposure  to  the  action  of  snake 
venom,*  and  by  contaminating  the  fresh  blood  with  serum  from 
patients  suffering  from  chlorosis,  leukemia,  or  pernicious  anemia 
(Stengel).  In  the  severe  anemias  the  non-adhesiveness  of  the 
erj'throcytes  is  apparent. 

Endoglobular  Changes  (Simple  Decoloration). — Decolora- 
tion of  the  erythrocytes  is  a  most  common  feature  of  the  blood 
in  mild  anemia  when  there  is  but  slight  involvement  of  cither  the 
hemoglobin  or  the  cellular  elements.  Decoloration  begins  as 
a  symmetric  enlargement  of  the  normally  lighter  area  at  the 
center  of  the  cell  and  progresses  toward  the  periphery.  Such 
cells  soon  lose  their  normal  biconcavitv,  and  where  decoloration 
progresses  the  cell  is  converted  into  a  mere  shell  whose  margin 
shows  a  faint  color  due  to  the  persistence  of  hemoglobin  (achro- 
fnacyte  or  shadow  cell).  Areas  of  pallor  may  be  distributed  through- 
out the  cell  when  there  is  a  dissemination  of  the  degenerative 
process;  such  areas  are  of  various  forms  and  sizes,  outlining  the 
stroma  of  the  cell  from  which  the  hemoglobin  has  been  removed. 
Areas  of  pallor  in  the  erjlhrocyte  have  a  selective  affinity  for  basic 
dyes:  e.  ^.,  thionin,  by  which  they  are  brilliantly  stained  (see 
Basophilia,  page  91).  Normally,  these  changes  occur  in  from  thirty 
minutes  to  an  hour  after  the  blood  has  been  withdrawn  from  the 
vessels,  but  in  pathologic  conditions  they  may  be  seen  immediately 
after  the  blood  is  withdrawn,  and  it  is  supposed  that  they  exist 
within  the  vessels. 

Changes   m   Shape,   Size,    and    Motility. — Poikilocytosis 

♦  Weir  Mitchell,  "N.  Y.  Med.  Jour.,"  vol.  vi,  p.  289. 
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and  crenation  consist  of  decided  irregularity  in  the  form  of  the 
erythrocytes.  Crenation  is  produced  by  a  portion  of  the  cell 
becoming  looped  and  one  or  more  points  projecting  from  it 
(serrated  margin).  These  points  may  become  prominent,  and 
in  time  the  entire  cell  assumes  ameboid  movements.  Such  move- 
ments when  they  occur  in  rapid  succession  are  responsible  for 
the  various  shapes  of  the  corpuscles  (poikilocyte,  see  Plate  3). 
The  ameboid  motion  of  the  erythrocytes  has  been  studied  at  length 
by  Hayem,  but  does  not  bear  sufficient  clinical  significance  to 
warrant  description  in  this  chapter.  It  may  cause  portions  of 
the  cell  protoplasm  to  break  from  the  corpuscle  {schisiocyte)^ 
and  these  particles  after  floating  in  the  plasma  for  a  time  become 
spheric  and  resemble  miniature  erythrocytes  (dwarf-cells). 

Brownian  movement,  a  peculiar  vibration  of  the  protoplasm, 
which  is  a  feature  of  healthy  blood,  should  not  be  confused  with 
the  movements  resulting  from  crenation.  In  malaria  there  is 
also  a  Brownian  movement  of  the  pigment.  In  pernicious  anemia 
there  is  a  tendency  for  the  red  cells  to  become  oval  or  elliptic, 
and  poikilocytosis  is  also  pronounced,  but  oval  cells  may  be  found 
in  small  numbers  in  the  normal  blood,  while  in  any  form  of  anemia 
they  are  increased. 

Cautian, — When  deformity  in  the  cells  depends  upon  faulty 
technic,  the  spicules  extend  from  the  same  side  of  the  cells  or 
they  point  in  one  direction. 

The  megalocyte  or  macrocyte  (Plate  3)  is  an  extremely 
large  cell,  between  1 2  and  20  /i  in  diameter,  and  is  the  immediate 
successor  of  the  megaloblast  after  its  nucleus  has  been  absorbed. 
Its  stroma  is  usually  deficient  in  hemoglobin  (Plate  3)  and  is 
likely  to  possess  polychromatic  properties.  This  giantism  of  the 
erythrocyte  maybe  the  result  of  imbibition  of  fluid  from  the  plasma, 
as  is  suggested  by  its  dropsical  appearance.  Another  theory  pro- 
mulgated is  that  its  antecedent  was  a  megaloblast  of  exceptional 
size. 

Clinical  Significance, — Macrocytes  arc  found  in  the  blood  of 
secondary  anemia,  where  megaloblasts  are  conspicuously  absent. 
They  are  to  be  found  in  blood  showing  megaloblasts.     (Plate  6.) 

The  microcyte  is  a  spheric  erythrocyte  from  3  to  5  /i  in  diam- 
eter, having  a  deeply  colored  stroma.  The  smaller  of  these 
cells  are  known  as  **Eichhorst*s  corpuscles.**  They  are  of  dis- 
putable clinical  significance. 

Atypical  Staining  Properties. — The  normal  erythrocytes 
have  decided  affinity  for  acid  stains,  but  changes  capable  of  pro- 
ducing alterations  in  the  form  and  size  of  the  cells  probably  cause 
certain  staining  abnormalities.     Portions  of  the  protoplasm  may 
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at  times  take  the  basic  dyes  (punctate  basic  degeneration) — as  is 
exemplified  in  the  blood  of  lead  workers  (Plate  4).  Again,  the 
cells  may  be  colored  by  two,  three,  or  more  stains  that  may  be 
contained  in  the  staining  mixture.  This  condition  is  known  as 
polychromatophilia;  its  causal  factors  are  undetermined,  and 
clinically  it  points  to  a  high  grade  of  anemia.  Certain  sections 
of  the  cell  may  stain  deeply,  while  the  remaining  protoplasm  is 
but  feebly  stained,  and  at  times  the  entire  cell  merely  stains  as 
a  capsule  or  ring,  while  its  center  is  clear;  or,  the  cell  may  have 
little  or  no  hemoglobin,  and  appear  as  a  shadow  with  an  indistinct 
margin  (shadow  cell). 

Cabot's  Ring-bodies. — Cabot*  has  described  ring-shaped 
bodies  in  the  red  cells  which,  when  stained  by  eosinate  of  methylene- 
blue  dissolved  in  methyl-alcohol,  appear  bright  red  in  contrast 
to  the  surrounding  protoplasm,  which  is  pale  yellow.  These 
bodies  occur  in  lead-poisoning,  pernicious  anemia,  and  lymphatic 
leukemia.    Their  clinical  significance  remains  questionable. 

Granular  basophilia  or  ''punctate  basic  degeneration" 
is  a  condition  characterized  by  small  areas  of  degeneration  dis- 
seminated throughout  the  protoplasm  of  the  erythrocyte.  In 
the  stained  specimen  they  are  colored  by  the  basic  dyes  (thionin, 
methylene-blue,  and  hematoxylin).  After  staining  with  a  solu- 
tion of  carbolated  thionin  for  five  minutes  they  become  quite 
conspicuous  when  studied  under  a  one-twelfth  oil-immersion  ob- 
jective. They  commonly  assume  the  character  of  small  amor- 
phous or  oval  granules,  though  short  rods  and  spicules  are  also 
to  be  seen  (Plate  4). 

Clinical  Significance. — Basic  degeneration  is  to  be  observed 
in  most  high  grades  of  anemia,  but  is  found  abundant  in  the  blood 
of  lead  workers.f  Judging  from  current  literature,  there  is  suffi- 
cient evidence  to  show  that  these  granules  are  not  the  product 
of  nuclear  fragmentation  or  of  debris.  The  observers  referred 
to  have  demonstrated  in  granular  er}-throblasts  signs  of  active 
kar\'omitosis.  These  granules  are  to  be  found  normally  in  the 
blood  of  embryonic  mice,!  ^"^  cats;  also  in  developed  rabbits, S 
squirrels,  and  guinea-pigs.  Personally,  I  have  observed  it  in  the 
blood  of  lead  workers,  ||  pernicious  anemia,  pulmonary  tuber- 
culosis, and  malaria.  Stengel  obser\'ed  these  granules  in  the 
blood  of  eleven  out  of  eighteen  chlorotics  examined. 

*  "Jour.  Med.  Research,"  Jan.,  1Q03. 

t  Stengel,  White,  and  Pepper,  "Amer.  Jour.  Med.  Sci.,"  Sept.,  1900;  also 
1902,  p.  873. 

t  Pappcnheim,  "Inaug.  Dissert.,"  Berlin,  1895. 
i  Ehrlich,  "Die  Anamie,"  Wien,  1900. 
"Phila.  Med.  Jour.,"  Sept.  27,  1902. 
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Necrosis. — Emhrocytic  necrosis  and  disintegration  are  caused 
by  exposure  of  normal  blood  to  the  air  for  from  three  to  four  hours. 
In  pathologic  blood  such  changes  may  be  due  to  an  increased 
toxicity  of  the  plasma  or  to  a  lowered  cell  resistance, — in  which 
instances  the  red  cells  are  highly  susceptible  to  injury  by  the 
plasma, — or  by  extraneous  diversion.  These  changes  may  be 
observed  in  pathologic  blood  immediately  after  it  is  withdrawn, 
and  are  significant  of  a  more  severe  type  of  anemia  than  is  simple 
decoloration  (Plate  6). 

Any  or  all  of  the  above  varieties  of  erythrocytes  may  be  found 
in  a  single  case  of  secondar}'  anemia,  and  the  frequency  with 
which  such  cells  are  to  be  found  is  governed  by  the  severity  of  the 
existing  condition.  The  third  stage  of  secondarj'  anemia  presents, 
in  addition,  a  slight  and,  at  times,  rather  marked  decrease  in 
the  number  of  the  red  cells  per  cubic  millimeter.  In  the  fourth 
or  last  stage  of  this  condition  we  have,  in  addition  to  the  other 
phenomena  manifest,  the  presence  of  nucleated  red  cells,  of  which 
there  are  three  varieties,  normoblasts,  megaloblasts,  and  micro- 
blasts.  Nucleated  erythrocytes  are  normal  in  the  blood  of  rep- 
tiles, birds,  and  in  the  umbilical  cord  of  the  human  fetus  (see 
Plate  2). 

Megaloblasts. — The  megaloblast  is  an  abnormally  large 
nucleated  erj'throcyte  which  is  not  found  in  the  blood  of  healthy 
adults  nor  in  the  bone-marrow,  and  is  a  direct  antecedent  of  the 
megalocyte,  into  which  it  is  transformed  by  the  absorption  of  its 
nucleus.  It  is  often  present  in  the  marrow  of  the  fetus  and  in 
the  marrow  from  severe  forms  of  anemia.  Ehrlich  was  the  first 
to  describe  this  cell  as  characteristic  of  the  fetal  type  of  anemia. 

Clinical  Significance. — The  presence  of  megaloblasts  in  the 
blood  may  be  regarded  of  serious  {prognosis,  and  a  sign  of  de- 
generation of  the  hematopoietic  organs,  including  defective  hemo- 
genesis  of  embryonal  nature;  though  not  of  necessity  does  a  fatal 
issue  ensue.  ^Iegaloblasts  appear  in  the  blood  of  the  severer 
forms  of  secondary  anemia,  especially  that  produced  by  the 
ankylostomaiU ncinariaduodenalc) ythc  bothriocephalus,and  nitro- 
benzol  poisoning,  when  they  constitute  a  large  percentage  of  the 
nucleated  red  cells.  They  are  fairly  characteristic  of  pernicious 
anemia.  I  have  also  seen  them  present  in  the  blood  after  severe 
puerperal  hemorrhage;  and  nucleated  red  cells  whose  size  is  but 
slightly  above  that  of  the  normoblast  are  not  an  uncommon  find- 
ing in  anemia. 

Description. — The  typical  mcgaloljlast  varies  from  11  to 
20  ft  in  diameter.  It  freciuenlly  shows  evidence  of  degeneration 
in  its   protoplasm,   as   swelling,    unevenness,    flaws,   and   cracks 
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which  do  not  stain  deeply  (see  Plate  3).  The  nucleus  is,  as  a 
rule,  large,  occupying  the  greater  portion  of  the  cell,  and,  in 
striking  contrast  to  the  nucleus  of  the  normoblast,  it  generally 
stains  pale  but  evenly  throughout  (see  Plate  3).  Exceptional 
cells  are  to  be  found,  and  in  the  blood  of  a  patient  seen  at  the 
Pennsylvania  Hospital,  through  the  courtesy  of  Dr.  J.  Allison 
Scott,  many  uncommon  forms  of  mcgaloblasts  were  represented 
(see  Plate  3).  Surrounding  the  nucleus  there  is  often  a  clear 
narrow  ring  outside  of  which  the  protoplasm  may  stain  rather 
deeply,  while  toward  the  margin  of  the  cell  the  protoplasm,  at 
times,  presents  a  puqjlish  tint  {polychroniatophilia). 

In  the  blood  just  referred  to  it  was  XQvy  difficult  to  separate 
the  various  forms  of  nucleated  erj'throcytes  and,  in  fact,  there 
appeared  to  be  no  one  cell  predominant,  while  there  was  a  great 
variety  of  atypical  cells,  as  shown  in  plate  3.  The  experience 
of  hematologists  shows  that  under  all  conditions  mcgaloblasts 
cannot  be  distinguished  from  normoblasts  by  any  one  or  by  any 
methods;  and  that  border-line  cells  arc  at  times  equally  numerous 
with  those  characteristic  of  either  type.  Pappenheim  regards 
the  structure  of  the  nuclear  net-work  as  the  most  valuable  dif- 
ferential point,  but  this  is  often  difficult  to  detect.  The  majority 
of  mcgaloblasts  are  young  cells  displaying  large  pale  nuclei,  and 
the  bulk  of  the  normoblasts  older  cells,  presenting  smaller  nuclei, 
which  stain  more  deeply.  These  features  appear  to  be  sufficient  for 
practical  differentiation.  From  a  clinical  point  of  view  a  most 
striking  feature  is  that  of  a  child  whose  blood  presented  these 
changes  and  who  made  an  uneventful  recovery  (see  Plate  3) — 
infantile  anemia. 

The  normoblast  is  a  nucleated  red  cell  which  corresponds  in  size 
to  that  of  the  normal  red  cell,  is  conceded  to  be  its  antecedent,  and  is 
to  be  found  in  the  bone-marrow  of  healthv  individuals  and  more 
plentifully  after  great  depletion  of  the  body  fluids.  It  is  regarded 
as  the  younger  stage  in  the  life  of  the  red  corpuscle,  and  is  rarely 
seen  in  the  healthy  peripheral  blood. 

Clinical  Significance. — The  appearance  of  normoblasts  in 
the  peripheral  bkxxi  is  suggestive  of  a  decided  production  of  the 
normal  erv'throcytes  by  the  marrow,  and  that  in  this  attempt 
to  supply  the  demand  made  upon  the  marrow,  certain  cells  are 
forced  into  the  circulation  before  thev  are  fullv  matured  and  have 
extruded  their  nuclei.  Plate  6  will  illustrate  the  various  forms 
of  normoblasts.  Free  nuclei  are  occasional  findings.  The 
nucleus  may  be  stained  evenly  throughout — pale,  dark,  or  present 
small,  highly  refractile  dots.  Two  nuclei  are  usually  connected 
by  a  feeble  cable.     Rarely  the  nucleus  is  located  upon  the  margin 
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of  the  cell  (Plate  5);  again,  partially  extruded;  and  when  com- 
pletely within  the  cell,  may  assume  almost  any  shape. 

The  microblast  is  a  small  erythrocyte  whose  nucleus  is  less 
liable  to  variation  than  is  that  of  the  normoblast  (Plate  3).  The 
nucleus  stains  deeply  and  occupies  the  greater  portion  of  the  cell, 
leaving  a  thin  band  of  protoplasm  surrounding  it. 

Oligemia  (Quantitative  Anemia).— Oligemia  signifies  a 
reduction  in  the  total  quantity  of  the  blood.  It  usually  results 
from  extensive  hemorrhage,  and  is  temporary,  since  water  is 
extracted  from  the  tissues  to  restore  the  total  volume  of  blood  to 
that  of  the  normal.  During  the  existence  of  oligemia  the  vessels 
contract,  and  thus  accommodate  themselves  to  the  lessened  quan- 
tity of  blood. 

Melanemia. — Melanemia  is  a  condition  in  which  dark  pig- 
ment-granules appear  in  the  circulating  blood,  and  is  noted  in  the 
blood  of  malaria  and  rarely  in  that  of  other  febrile  conditions. 
The  yellowish  or  blackish  granules  of  pigment  arc  seen  in  the 
plasma  or  in  the  bodies  of  the  leukocytes. 

NORMAL  LEUKOCYTES. 

The  figure  commonly  accepted  for  the  healthy  adult  is  7500 
cells  per  cubic  millimeter,  but  this  will  be  found  to  vary  greatly 
in  such  conditions  as  malnutrition,  time  of  day,  exercise,  influence 
of  digestion,  hot  or  cold  baths,  etc.  Other  conditions  influencing 
the  number  of  leukocytes  will  be  considered  under  the  special 
headings  of  leukocytosis  or  leukopenia. 

The  terminolog)'  here  becomes  very  confusing,  and  has  re- 
sulted partly  from  the  theory  of  the  origin  of  the  cell  ("lympho- 
cyte"), partly  from  the  characteristics  of  the  "nucleus"  ("poly- 
morphonuclear"), and,  again,  from  the  affinity  displayed  for 
certain  anilin  dyes  ("eosinophilic,"  "neutrophilic").  The  per- 
centage of  the  various  forms  of  leukocytes  will  be  found  to  deviate 
moderately  in  the  healthy  adult  from  the  following  table: 

Two  sources  are  now  accepted: 

f  I.  Polymorphonuclear  neutrophils. 

(A)  The    myelogenic    group    (from    the   I   2.  Eosinophils, 
bone-marrow)  |   3.  Large  mononuclears  (Ehrlich). 

t  4.  Mast  cells. 

(B)  The  lymphogenous  group  (from  ade-  1   Lvmphocvtes.  large  and  small, 
noid  tissues)  j      .     r       .      »       f> 


Small  lymphocytes 20         to  30     per  cent 

Large  lymphocytes 4  "    8 

Polymorphonuclear  neutrophils 62  "70 

Eosinophils 0.5       "    4 

Mast  cells o  025  "    0.5 


l<         Q  <(  << 
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Infants  show  a  high  percentage  of  lymphocytes  (50  per  cent. 
or  more),  while  the  polymorphonuclear  elements  are  correspond- 
ingly reduced  in  number  to  from  20  to  40  j>er  cent. 

Composition  of  the  Leukocytes. — All  efforts  to  ascertain 
the  chemic  composition  of  the  leukocytes  have  been  made  by 
using  pathologic  blood  (leukemic),  from  lymphoid  tissue,  or  from 
pus,  and  it  must  be  admitted  that  the  chemic  analyses  of  leuko- 
cytes obtained  from  such  sources  arc  subject  to  variation. 
Lilienfeld,*  in  his  analysis  of  lymphoid  tissue,  probably  gives  us 
the  most  reliable  data.  Pus,  which  but  little  concerns  us  in  this 
chapter,  has  been  found  to  contain  a  number  of  different  forms 
of  albumin,  including  Bence-Jones'  albumose.  In  leukemic 
blood  recovered  from  the  cadaver  are  to  be  found  fatty  acids, 
lecithin  in  excess,  and  glycogen.  Nucleins  are  a  variety  of  bodies 
which  may  be  obtained  either  from  animal  or  vegetable  cells 
after  digestion  with  pepsin.  These  are  fairly  insoluble  in  alcohol, 
water,  and  ether;  they  give  the  biuret  and  Millon's  reactions 
(see  Urine,  page  217).  They  hold  an  abundance  of  phosphorus  and 
iron,  and  their  tinctorial  properties  facilitate  in  distinguishing 
them  from  the  basic  albumins;  when  boiled  with  dilute  acids, 
give  nuclein  bases;  and  when  treated  with  alkalis,  albumin  and 
nucleic  acid  result. 

Ljrmphocytes. — These  cells  are  generally  divided  into  two 
classes,  large  and  small  (Plate  9).  The  first  variety  ranges  in 
size  from  slightly  below  to  moderately  above  that  of  the  normal 
red  cell,  and  the  greater  portion  of  its  body  is  occupied  by  a  rather 
compact,  often  coarsely  reticulated,  spheric  nucleus,  surrounded 
by  a  narrow  band  of  strongly  basophilic  protoplasm,  which  is 
at  times  homogeneous  and  again  reticulated.  Protoplasmic 
granules  are  not  present. 

The  large  forms,  which  vary  in  size  from  above  that  of  the 
normal  erj^throcyte  to  that  of  the  polymorphonuclear  leukocyte, 
wiU  be  found  to  possess  in  a  general  way  features  characteristic 
of  the  smaller  form.  At  times,  however,  the  reticulum  of  these 
cells  shows  nodular  thickenings  often  resembling  protoplasmic 
granules.  The  nucleus  may  show  faint  rings,  suggestive  of 
nucleoli,  and  nodular  thickenings.  A  spheric  nucleus  is  common 
to  normal  blood,  but  in  pathologic  conditions  strongly  basophilic 
and  also  hyaline  lymphocytes  are  to  be  found,  certain  of  which 
present  indented  or  subdivided  nuclei  (see  Leukemia,  page  129). 

Large  Mononuclears. — This  cell  is  but  slightly  above  the 
size  of  the  large  lymphocyte,  yet  occasionally  it  is  noted  to  be  the 
largest  cell  of  normal  blood.     The  protoplasm  is  mildly  basophilic, 

*  "Zeit.  f.  phys.  Chem.,"  vol.  xviii,  p.  473;  also  vol.  xjt,  p.  155. 
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finely  reticular,  displaying  nodular  thickenings  or  questionable 
granules.  Its  nucleus  is  vesicular,  showing  granular  thickening 
in  spots  and  granules  resembling  a  central  nucleolus.  The 
nucleus  may  be  circular,  horseshoe-like  (transitional  leukocyte), 
or,  less  often,  elongated  (Plate  8). 

Polynuclear  Forms. — This  variety  of  leukocyte  is,  as  a  rule, 
about  two  or  three  times  the  diameter  of  a  normal  red  cell.  Its 
protoplasm  is  distinctly  reticulated,  displaying  at  various  points 
of  the  reticulum  many  neutrophilic  granules.  As  a  rule,  the  pro- 
topbsm  is  mildly  basophilic,  displaying  nodular  thickenings  here 
and  there  when  stained  with  methylene-blue  (Plate  5).  The 
nucleus  is  elongated,  constricted,  and  often  distorted  so  as  to 
form  three  or  more  rather  distinct  lobules,  which  upon  careful 
study  are  found  to  be  conncx:led  by  narrow  bridges  or  threads 
of  nuclear  substance.  These  more  or  less  isolated  portions  of 
the  nucleus  are  often  slightly  granulated,  displaying  one  or  more 
central  nodular  thickenings,  and  rarely,  indeed,  are  the  various 
portions  of  the  nucleus  entirely  separated.  To  this  variety  of 
cell  the  terms  polynuclear,  polymorphonuclear,  and  polymorpho- 
nuclear neutrophils  are  applied.  Occasionally,  cells  are  to  be  seen 
which  display  a  decided  affinity  for  basophilic  dyes, — "^poly- 
nuclear basophils^^  (see  Plate  6), — and  these  are  probably  a 
direct  descendant  of  the  first  embrvonal  leukocvtes,  as  shown  bv 
a  studv  of  fetal  l)l(>od. 

Mast  Cell. — This  is  a  coarsely  granular  basophilic  cell  which 
deserves  special  mention  (Plate  7).  It  is  supposed  to  have  its 
origin  in  the  lymphoid  tissue. 

Eosinophil. — A  form  of  leukocyte  varying  in  size  from  a 
small  lymphocyte  to  the  polynuclear  forms.  Its  distinctive  fea- 
ture is  that  its  protoplasm  is  more  or  less  thickly  studded  with 
strongly  acidophilic  (red)  granules.  The  nucleus  is  rather 
coarsely  granular,  displaying  two  or  more  loix'S,  and,  as  a  rule, 
stains  feeblv  with  the  basic  dves  (Plates  7,  8).  It  is  not  uncommon 
to  tind  the  cell- wall  ruptured  and  numerous  red  granules  scat- 
tered al)out  the  j)ale  nucleus  as  though  the  result  of  an  explosion 
(Plate  ()). 

LEUKOCYTES  IN  DISEASE. 

An  al)solute  and  relative  increase  in  the  number  of  leukocvtes 
(leukocyioMS);  an  increase  in  a  certain  variety  of  the  cells,  with 
or  without  any  marked  change  in  other  forms;  an  absence  or  a 
great  diminution  in  the  numi)er  of  any  variety  of  cell,  with  or 
without  a  relative  increase  in  the  total  number  of  cells;  a  decrease 
in  the  total  number  of  cells  (leukopenia),  and  the  addition  of  a 
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new  cell,  the  "myelocyte,"  of  which  there  arc  two  forms, — "myelo- 
cyte and  eosinophilic  myelocyte," — constitute  the  relative  and 
morphologic  deviations  of  the  leukocyte  induced  by  disease. 
Changes  in  both  the  relative  proportion  and  in  the  number  of 
leukocytes  are  caused  by  conditions  on  a  par  with  those  capable 
of  exciting  changes  in  the  erj'throcytcs,  and  will  be  described  in 
detail  under  the  special  headings  of  Leukocytosis  and  Leukopenia. 

Essential  Feature. — A  conception  of  the  normal  relation  the 
different  cells  bear  one  to  the  other,  and  the  recognition  of  the 
myelocyte,  are  all  that  are  necessary  to  distinguish  between  the 
leukocytes  of  pathologic  and  those  of  physiologic  blood. 

Myelocytes. — ^The  myelocyte,  though  it  differs  widely  from 
any  other  form  of  leukocyte  found  in  normal  blood  obtained  from 
the  peripheral  circulation,  resembles  in  certain  respects  cells 
which  physiologically  are  present.  It  is  not  characteristic  of 
any  one  form  of  disease,  and  may  be  occasionally  found  in  the 
blood  from  a  variety  of  maladies  which  are  on  the  border  line, 
so  to  speak,  between  pathologic  and  physiologic  states.  The 
myelocyte  (Plates  7  and  8)  with  Ehrlich's  triple  stain  appears  as  a 
spheric  cell  whose  protoplasm  is  nearly  occupied  by  a  pale-stained 
nucleus  studded  with  neutrophilic  granules. 

Great  variation  in  the  staining  affinity  of  the  different  granules 
in  the  same  cell  is  often  seen,  and  "there  is  prominent  a  basophilic 
portion  which  becomes  less  and  less  marked  as  the  cell  grows 
older"  (Cabot).  Such  basophilic  properties  are  seen  to  be  less 
marked  in  the  polynuclear  neutrophilic  cells,  yet  even  here  con- 
siderable difference  may  be  observed  in  the  contiguous  cells  of 
the  same  field,  and  also  of  the  adjacent  granules  of  the  same  cell. 
The  size  and  form  of  myelocytic  granules  are  not  unlike  those 
found  in  polynuclear  cells.  Most  important  as  a  distinguishing 
feature  of  the  myelocyte  is  its  nucleus,  which  is  single,  and  does 
not  display  the  distortion  characteristic  of  the  polymorphonuclear 
neutrophils;  but,  on  the  contrar}',  is  always  spheric  or  egg-shaped, 
and  in  almost  immediate  contact  with  the  cell-wall  for  a  com- 
paratively large  portion  of  its  circumference.  The  spheric  nucleus 
is  commonly  placed  toward  one  side  of  the  cell.  It  is  necessar}- 
to  distinguish  the  myelocyte  from  the  large  lymphocyte,  which 
can  be  said  to  differ  from  it  only  in  that  it  (the  lymphocyte)  is  de- 
void of  granules. 

Eosinophilic  Myelocyte. — The  eosinophilic  myelocyte  differs 
from  the  one  described  in  containing  eosinophilic  instead  of 
neutrophilic  granules.  Both  this  cell  and  the  neutrophilic  myelo- 
cyte are  to  be  found  in  great  numbers  in  the  bone-marrow.  They 
arc  likely  to  display  variations  in  the  staining  of  their  granules, 
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the  nucleus  to  show  the  evidences  of  old  age  (vacuoles  or  mitosis, 
Fig.  47),  since  occasionally  a  cell  is  seen  containing  two  nuclei. 
There  is  no  other  leukocyte  capable  of  such  great  variation  in  size  as 
is  the  myelocyte,  which  may  vary  in  diameter  from  10  to  20  ft. 
This  variation  extends  from  far  above  the  diameter  of  the  poly- 
morphonuclear leukocyte  to  that  of  the  lymphocyte. 

Clinical  Significance. — Myelocytes  are  found  in  the  blood  of 
splenomeduUary  leukemia,  lymphatic  leukemia,  after  certain  severe 
forms  of  intoxication,  prolonged  fasting,  essential  anemia,  grave 
secondary  anemia,  and  in  a  number  of  border-line  conditions.  I 
have  found  them  after  prolonged  ether  anesthesia. 

Transitional  Neutrophils. — These  are  neutrophilic  cells 
which  appear  to  occupy  a  position  between  a  true  marrow  cell 
(myelocyte)  and  the  polymorphonuclear  leukocyte,  and  display 
a  nucleus  which  shares  certain  characteristics  common  to  each 
of  these  varieties.     Their  significance  is  undetermined. 

"Torek's  Stimulating  Form." — A  variety  of  cell  regarded 
differently  by  various  writers.  Weil  describes  it  as  resembling 
a  myelocyte  whose  granules  have  been  fused  into  a  smooth,  homo- 
geneous color  which  surrounds  the  nucleus.  The  protoplasm 
always  stains  deeply,  appears  homogeneous;  yet  there  is  con- 
siderable variation  in  the  tint  in  different  cells,  ranging  from  purple 
to  violet  or  brown.  In  the  majority  of  our  observations  these 
cells  are  regarded  as  either  myelocytes  or  as  large  lymphocytes, 
and  are  not  uncommonly  referred  to  as  border-cells.  Their 
presence  usually  accompanies  diseases  showing  leukocytosis. 

Degenerated  Leukocytes. — This  form  of  cell  is  most  com- 
monly met  with  in  the  blood  of  leukemia,  yet  it  may  be  found 
elsewhere.  The  first  impression  received  is  that  they  are  arte- 
facts— ^abnormalities  in  cell  structure  due  to  faulty  preparation 
of  specimen;  but  this  can  usually  be  disproved,  since  they  do  not 
occur  in  the  blood  of  healthv  individuals  treated  in  the  same 
manner.  Degenerated  leukocytes  stain  as  a  homogeneous  mass, 
are  structureless,  appear  to  have  lost  their  protoplasm,  and  their 
edges  are  ragged  (karyolysis).  Vacuolization  of  both  the  proto- 
plasm and  of  the  nucleus  are  not  uncommon  findings;  while  the 
large  mononuclear  cells  display  such  degenerative  changes  as 
breaking  up,  pallor  of  the  nucleus,  structurelessness,  and  may 
appear  as  shadow  cells. 

DIFFERENTIAL  COUNTING  OF  THE  LEUKOCYTES. 

The  object  here  is  to  determine  what  percentage  of  the  total 
number  of  leukocytes  present  belongs  to  each  of  the  subvarieties 
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of  these  cells  previously  described  (page  94).  In  order  that  a  fair 
estimation  be  gained,  at  least  600  leukocytes  should  be  counted. 
This  examination  consists  in  classifying  the  leukocytes  under  their 
respective  heads.  It  is  this  class  of  work  alone  which  makes  the 
mechanical  stage  most  valuable;  yet  it  cannot  be  said  that  this 
accessory  to  the  microscope  is  necessarj';  though  the  use  of  such 
an  instrument  facilitates  the  making  of  a  differential  leukocytic 
count,  and  I  believe  adds  materiaUy  to  the  authenticity  of  the 
result  (count). 

Method  for  Counting. — Bring  a  properly  stained  and  mounted 
specimen  into  focus  under  an  oil-immersion  objective,  and  place 
at  the  right  hand  the  foUowing  table,  upon  which  to  record  each 
cell  under  its  respective  class.  The  slide  is  carefully  moved  until 
we  have  covered  the  surface  of  the  smear,  or  at  least  sufficient 
of  the  surface  to  have  counted  in  all  600  leukocytes. 

DIFFERENTIAL  LEUKOCYTE  COUNT. 

Name    

Residence 

Polymorphonuclear  neutrophils 408  =  68.0     per  cent. 

Large  lymphocytes 30  =  5.0 

Small   lymphocytes 108  «»  18.0 

Large  mononuclearr 18  =»  3.0 

Mast  cells 3  —  0.5 

Eosinophils 15—  2.5 

Myelocytes 12  «=  2.0 

Eosinophilic  myelocyte  5 6  —  i  .0 
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Total 600  =  1 00.0 

During  the  counting  of  600  leukocytes  there  are  found — 

{Normoblasts 4 
Microblasts 3 
Megaloblasts 3 

The  estimation  of  the  percentage  of  each  variety  of  cells 
present  in  this  given  specimen  of  blood  is  accomplished  by  using 
the  number  of  each  variety  of  cell  found  as  the  one  factor,  and  600, 
the  number  of  cells  counted,  as  the  other. 

Nucleated  Red  Cells  per  Cubic  Millimeter. — The  number 
of  nucleated  red  cells  seen  while  counting  600  leukocytes  is  also 
recorded  (see  above);  and  the  number  per  cubic  millimeter  is 
readily  estimated  in  the  following  manner: 

Let  a  =  number  leukocytes  counted,  or 600 

b  a=  number  nucleated  red  cells  seen,  or 10 

c  =  number  leukocytes  per  cubic  millimeter,  <  r 12,000 


II 
II 


c  or  12,000    V       -•         =  200,  the  number  of  nucleated  red  cells  in  one 

a  or  600 

c.mm.  of  undiluted  blood. 
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Counting. — In  counting  begin  at  the  upper  left-hand  comer 
of  the  specimen,  and  cause  the  lens  to  traverse  across  the  specimen 
from  top  to  bottom,  moving  the  slide  a  sufficient  distance  to  the 
right  after  each  crossing  of  the  slide  so  as  not  to  include  any  of 
the  cells  which  have  been  previously  counted  (Fig.  32).  It  requires 
but  little  practice  until  one  becomes  able  successfully  to  manip- 
ulate the  slide.  The  time  necessary  for  making  a  differential  count 
depends  entirely  upon  the  number  of  leukocytes  found  upon  the 
smear,  and  when  the  leukocyte  count  is  below  12,000,  the  procedure 
is  tedious. 

BLOOD-PLATES. 

Blood-plates  (Plate  13)  appear  as  cohesive,  circular  or  ovoid, 
homogeneous  bodies  with  irregular  outlines,  and  are  from  one- 
third  to  one-half  the  diameter  of  the  erythrocyte.  They  are 
devoid  of  hemoglobin  and  of  nuclei,  and  are  rarely  seen  in  normal 
blood.  Their  number  has  been  estimated  by  von  Emden  at 
from  180,000  to  250,000;  Pruss  gives  the  average  as  500,000  ; 
and  Kemp  and  Calhoun,  860,000  per  cubic  millimeter.  Blood- 
plates  form  a  prominent  constituent  of  white  thrombi,  and  when- 
ever they  are  diminished,  clot-formation  is  apt  to  be  retarded, 
and  the  possibility  of  hemophilia  or  purpura  may  be  suspected; 
also  a  lowered  resistance  of  the  erythrocytes.  An  increase  in  the 
number  of  blood-plates  is  suggestive  of  the  development  of  thrombi. 

Clinical  Significance. — In  pernicious  anemia  they  are  dimin- 
ished and  thrombosis  is  comparatively  rare.  An  increase  occurs  in 
leukemia  after  hemorrhage,  and  in  certain  other  grave  afebrile  ane- 
mias, and  they  are  normal  or  increased  in  tuberculosis  and  pneu- 
monia. In  such  types  of  infection  as  erysipelas,  malaria,  and 
typhus,  and  in  purpura  and  hemophilia,  they  are  diminished,  and 
in  the  latter  condition  at  times  absent.  It  should  be  borne  in  mind 
that  only  intravenous  thrombosis  is  influenced  by  blood-plates, 
and  that  clot-formation  outside  the  body  is  an  entirely  different 
phenomenon,  depending  upon  the  amount  of  fibrin  present  in  the 
individual's  blood.    Opinions  differ  as  to  the  origin  of  blood-plates. 

Chemic  Composition  of  Blood-plates. — Lowit  maintains 
that  blood-plates  are  composed  of  globulin;  while  Lilienfeld 
believes  them  to  belong  to  the  nucleo-albumins,  and  suggests 
that  they  result  from  the  destruction  of  the  nuclei  of  leukocytes. 

BLOOD  DUST. 

Blood  dust — ^'hemokonia'' — is  a  constituent  of  both  normal 
and   pathologic   blood,   which   has   until   recently   received   but 
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little  attention.  It  appears  as  small,  round,  colorless  granules, 
which  correspond  in  size  and  form  to  fine  oil-droplets;  their  size 
ranges  from  one-fourth  to  one  micromillimeter  in  diameter.  These 
granules  are  highly  refractile  bodies,  displaying  a  rather  rapid 
dancing  motion,  and  are  devoid  of  locomotion.  Blood  dust  is 
insoluble  in  alcohol  and  in  ether;  does  not  stain  by  osmic  acid, 
and  has  not  been  shown  to  contribute  toward  the  formation  of 
fibrin.  The  light  of  the  Welsbach  burner  appears  to  assist  in 
studying  these  bodies,  which  are  also  to  be  found  in  pus  and  in 
the  fluid  from  the  serous  sacs. 

LEUKOCYTOSIS. 

Leukocytosis  is  a  condition  characterized  by  an  increase  in 
the  number  of  leukocytes  in  the  peripheral  circulation  over  the 
number  commonly  found  in  the  same  individual,  without  a  diminu- 
tion in  the  number  of  polymorphonuclear  cells,  but  usually  this 
variety  shows  both  an  absolute  and  relative  increase  over  the 
number  normally  present. 

J^hyswlogic  leukocytosis  appears  some  hours  after  the  inges- 
tion of  a  meal  rich  in  carbohydrates,  and  after  exercise,  mas- 
sage, cold  baths,  parturition,  during  pregnancy,  and  in  the 
new-bom. 

Pathologic  leukocytosis  follows  hemorrhage,  and  in  certain 
infectious  diseases, as  relapsing  fever,  Asiatic  cholera,  erysipelas,  epi- 
demic cerebrospinal  meninigitis,  i>neumonia,  bubonic  plague,  yel- 
low fever  (not  constant),  glanders,  actinomycosis,  acute  articular 
rheumatism,  scarlet  fever,  small-pox,  diphtheria,  follicular  tonsillitis, 
syphilis  (secondar}'  stage),  trichinosis  (usually  moderate),  filariasis 
(early),  malignant  endocarditis,  acute  pancreatitis,  gonorrhea,  acute 
endometritis,  cystitis  (occasionally),  acute  pyemia,  septicemia, 
cholangitis,  cholecystitis,  and  shortly  bcfoie  death  (terminal 
leukocytosis).  It  is  seen  in  a  variable  degree  in  connection  with 
inflammatory'  processes  involving  either  the  (leej)er  tissues,  vis- 
cera, or  skin,  as  well  as  in  certain  forms  of  malignancy,  lithemia, 
gout,  toxemias  and  in  lead  workers  where  they  fluctuate  between 
9000  and  25,000  during  the  primary  attack  of  colic* 

Among  the  more  strictly  localized  j)roccsses  that  may  cause 
leukocytosis  are  abscesses  involving  either  the  glands  or  other 
tissues,  appendicitis,  osteomyelitis,  pyelonephritis  and  pyclo- 
nephrosis,  perinei)hritic  abscess,  abscesses  involving  any  of  the 
viscera,  localized  peritonitis,  epididymitis,  conjunctivitis,  proctitis, 
and  anv  acute  inflammation  of  the  serous  membranes.  Lcuko- 
cylosis  is  also  a  component  feature  of  gangrenous  stomatitis,  noma, 
etc.,  and  is  often  well  marked  in  such  cutaneous  conditions  as 

♦Boston,  "  Phila.  Med.  Journal,"  Si-jii.  27,  i()02. 
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pemphigus,  herpes  zoster,  eczema,  dermatitis,  urticaria,  pellagra, 
ichthyosis,  and,  rarely,  in  psoriasis. 

Toxic  Leukocytosis. — For  want  of  a  better  term  the  follow- 
ing conditions  have  been  arranged  under  this  head,  which,  though 
indefinite,  explains  in  a  measure,  at  least,  the  cause  of  leukocytosis 
in  many  of  the  conditions  here  grouped;  yet  these  conditions  are 
not  always  associated  with  leukocytosis — viz.,  acute  yellow  atrophy 
(hepatic),  cirrhosis  of  the  liver  with  jaundice,  uremia,  rickets, 
gout,  ptomain  poisoning,  cinchonism,  after  intravenous  injection 
of  normal  salt  solution,  illuminating -gas  poisoning  (Cabot),  chloro- 
form anesthesia,  ether  anesthesia,  and  acute  maniacal  delirium. 

Leukocytosis  of  Malignancy. — There  appears  to  be  some 
difference  of  opinion  as  to  the  true  nature  of  the  leukocytosis  of 
malignant  disease.  Alexander*  found  the  leukocytes  to  vary 
from  2360  to  21,700  per  cubic  millimeter  in  cases  of  malignancy 
of  the  breast,  and  not  dissimilar  results  have  been  obtained  by  a 
number  of  observers  in  carcinoma  of  the  stomach  and  of  the 
rectum.  Schneider  found  leukocytosis  in  12  cases  of  malig- 
nancy. Osterspeyt  detected  leukocytosis  in  but  2  out  of  12  cases 
examined.  My  own  experience  suggests  that  leukocytosis  varies 
with  the  degree  and  stage  of  malignancy,  also  with  its  location, 
and  with  the  presence  or  absence  of  ulceration  and  suppurative 
surfaces.  The  wide  variation  found  in  over  60  leukocyte  counts 
'made  upon  cases  of  malignancy  renders  it  impracticable  for  me 
to  draw  any  definite  conclusions. 

Leukocytosis  of  Anesthesia. — T.  L.  Chadboume,J  in  the 
study  of  21  cases,  found  that  there  was  always  an  increase  of  the 
leukocytes,  resulting  from  the  administration  of  ether  anesthesia. 
Counts  were  made  immediately  before  the  anesthetic  was  begun 
and  a  second  count  taken  after  the  ether  had  been  continued  for 
sixteen  and  two-third  minutes.  The  average  increase  in  the 
number  of  leukocytes  was  found  to  be  37.3  per  cent,  (the  lowest 
6,  the  highest  73  per  cent.).  Differential  counts  were  made  upon 
5  of  these  cases  and  showed  that  the  increase  affected  the  poly- 
morphonuclear cells  and  the  lymphocytes  equally.  A  fact  to  be 
borne  in  mind  is  that  each  case  presented  some  pathologic  con- 
dition, and  the  majority  of  the  cases  showed  over  10,000  leuko- 
cytes per  cubic  millimeter  before  anesthesia.  Operation  often 
appeared  to  cause  a  reduction  in  the  number  of  leukocytes. 

A.  von  Lcrber§  counted  the  leukocytes  in  loi  cases,  and  found 
them  to  be  increased  after  ether  anesthesia  in  96  instances.  The 
remaining  5  cases   should   not  be  included,  since  a  high-grade 

*  "These  de  Paris,"  1887.  t  "Inaug.  Dissert.,"  Berlin,  1802. 

X  "Phila.  Med.  Jour.,"  Feb.,  1899.  p.  390.        j  "Inaug.  Dissert.,"  Berne,  1896. 
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leukocytosis  existed  before  anesthesia.  In  35  instances  the  num- 
ber of  leukocytes  was  double  and  in  23  triple  the  number  found 
before  ether.  The  effect  of  the  operation  is  not  considered  in  his 
estimation.  Blake  and  Hubbard  *  studied  28  cases,  making  counts 
before  and  after  ether  anesthesia,  and  found  the  peripheral  cir- 
culation to  show  no  increase  in  the  number  of  leukocytes. 

I  secured  permission  from  a  healthy  male,  aged  thirty-three 
years,  to  conduct  the  following  experiments  upon  him.  He  had 
never  taken  ether  as  an  anesthetic,  always  enjoyed  health,  and 
had  abstained  from  alcohol.  He  was  not  prepared  for  the  anes- 
thetic by  purgation  (studied  with  Dr.  J.  M.  Anders): 

Six  hours  after  a  meal  and  immediately  before  beginning  the 
anesthetic,  I  found  the  hemoglobin  to  be  86  per  cent.;  red  cells 
4,080,000;  leukocytes  7600  per  cubic  millimeter.  Upon  staining, 
the  blood  was  normal.  After  ether  had  been  given  twenty-five 
minutes  (complete  anesthesia,  ten  minutes)  it  was  discontinued — 
hemoglobin  79  per  cent.,  red  cells  6,150,000,  white  cells  16,000. 
-Slicrocytes  numerous,  all  cells  rather  pale.  One  hour  after 
ether  had  been  withdrawn,  hemoglobin  74  per  cent.,  red  cells 
4,170,000,  white  cells  9800.  Many  of  the  red  cells  stained  as 
mere  shadows,  and  their  size  varied.  A  differential  count  of 
600  leukocytes  gave: 

Polymorphonuclear •"  i  07  per  rent. 

Small  lymphocytes 2.22    "       *' 

Large  mononuclear i .  1 1    "       *' 

Transitional    i  ?.oo    "       " 

Eosinophils c.38    "       " 

Myelocytes   4.32    "       " 

Twenty-four  hours  after  ether  (but  little  vomiting  had  occurred), 
hemoglobin  67  per  cent,  (loss  of  19  per  cent.),  reicells  4,576,600, 
white  cells  13,600. 

In  collaboration  with  Dr.  J.  M.  Anders  I  also  conducted  a 
series  of  experiments  upon  healthy  persons  and  upon  rabbits, 
and  found  a  great  reduction  in  the  hemoglobin  after  ether 
anesthesia.  Leukocytosis  was  also  pronounced  in  many  of  these 
experiments,  and  the  general  course  of  the  blood  returning  to  the 
normal  after  anesthesia  was  found  to  be  the  same  in  man  as  in 
animals.  It  required  from  twenty-four  to  forty-eight  hours  for 
the  restoration  of  the  blood  to  normal.f 

Drugs. — A  variable  degree  of  leukocytosis  may  follow  the 
administration  of  drugs  by  mouth,  subcutaneously,  or  by  the 
rectum.  By  the  first  method,  ether,  chloroform,  tincture  of 
gentian,  oil  of  peppermint,  oil  of  anise-seed,  camphor,  thyroid 

♦  "Annals  of  Surgery,"  iqoi. 

t  Anders  and  Boston,  "Proc.  Phibi.  Col.  Physicians,"  June,  1004. 
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extract,  bicarbonate  of  soda,  caflfein,  quinin,  bismuth,  and  after 
purgation  with  castor  oil,  scammony,  and  podophyllin,  the  leu- 
kocytes are  increased.  Cabot*  reports  a  series  of  instances  where 
leukocytosis  has  followed  toxic  doses  of  opium,  chloral,  caustic 
potash,  corrosive  sublimate,  belladonna,  nitric  acid,  carbolic  acid, 
arsenic,  and  alcohol. 

A  similar  phenomenon  is  observed  after  the  intravenous 
administration  of  uric  acid,  pilocarpin,  antipyrin,  urate  of  soda, 
nuclein,  nucleic  acid,  hemi-albumose,  peptone,  pepsin,  tubercu- 
lin, pyocyanin,  extract  of  bone-marrow,  thymus  gland,  and  spleen, 
all  of  which  are  followed  by  a  slight  temporary  reduction  in  the 
peripheral  leukocytes,  and  later  by  leukocytosis. 

The  degree  of  leukocytosis  is  often  parallel  to  that  of  the  local 
irritation  produced,  as  is  exemplified  by  the  leukocytosis  follow- 
ing the  subcutaneous  injection  of  weak  acids  or  alkalis;  and  from 
the  local  application  of  mercury,  antimony,  croton  oil,  etc.  Large 
doses  of  either  bacteria  or  their  toxins  reduce  the  number  of  leu- 
kocytes; while  moderate  doses  give  no  constant  finding,  since 
the  individual  animal  resistance  is  capable  of  permitting  or  pre- 
venting wide  fluctuations;  but  commonly  a  diminution  in  the 
leukocytes  ensues,  and  is  a  precursor  of  leukocytosis. 

Leukopenia  (hypoleukocytosis)  is  a  condition  when  the 
number  of  leukocytes  found  in  the  peripheral  circulation  is  below 
that  of  the  normal  for  a  given  individual.  Leukopenia  may  result 
from  malnutrition,  prolonged  cold  baths,  hot  baths;  infectious 
conditions  wherein  there  is  no  leukocytosis  may  present  these 
phenomena;  e.  g.,  measles  (early  stage),  rotheln,  tubercular 
meningitis,  la  grippe,  purely  tuberculous  conditions,  tj'phoid 
fever  (late  in  its  course),  and  malaria.  When  the  result  of  star- 
vation, and  in  typhoid  fever,  the  number  of  lymphocytes  is  rel- 
atively increased.  Leukemia  when  complicated  by  an  infection 
displays  this  phenomenon.  Pernicious  anemia,  splenic  anemia, 
Hodgkin's  disease,  the  anemia  of  syphilis,  **Dum-dum"  fever 
(tropical  anemia  with  splenic  enlargement),  and  hemorrhage  may 
display  leukopenia. 

Lymphocytosis. — Lymphocytosis  consists  of  both  an  absolute 
and  a  relative  increase  in  the  number  of  circulating  lymphocytes. 
This  increase  must  be  compared  with  the  normal  number  of  lym- 
phocytes for  each  individual  in  order  to  establish  the  presence 
of  lymphocytosis.  Again,  lymphocytosis  may  co-exist  with  an 
increase  of  the  total  number  of  leukocytes  (lymphatic  leukemia). 

The  number  of  lymphocytes  is  high  in  the  blood  of  healthy 
infants — 50  to  60  per  cent. — during  the  first  few  weeks  of  extra- 
uterine life;  and  is  also  apt  to  l^c  increased  in  many  of  the  diseases 

♦"Clin.  Exam,  of  the  Blood,"  fifth  ed.,  j)i).  415-419. 
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of  childhood;  while  in  adults  there  are  normally  20  to  30  per  cent, 
of  small  and  4  to  8  per  cent,  of  large  lymphocytes.  The  increase 
may  affect  principally  either  the  smaller  or  the  larger  lymphocytes, 
and  it  is  not  uncommon  to  find  these  cells  quite  uniform,  rendering 
it  impossible  to  classify  them  according  to  size  (Plate  9). 

Caution. — Be  slow  to  diagnose  lymphatic  leukemia  in  the 
young,  since  the  blood  of  rickets,  hereditary  syphilis,  scurvy, 
variola,  diarrhea,  gastro-intestinal  disorders,  malnutrition,  and 
pertussis  often  shows  an  increase  in  the  number  of  lymphocytes. 
During  convalescence  from  exfoliating  dermatitis,  pertussis,  and 
diarrhea,  I  have  seen  the  number  of  lymphocytes  equal  55  to  65 
per  cent,  of  the  total  number  of  leukocytes. 

Clinical  Significance. — In  children  the  degree  of  lympho- 
cytosis serves  as  a  fair  index  to  the  child's  development  in  cases 
where  it  is  possible  to  exclude  other  etiologic  factors.  It  is  also 
of  limited  value  in  diagnosing  whooping-cough  before  the  charac- 
teristic symptom  appears.  The  large  lymphocytes  are  increased 
in  certain  splenic  tumors,  and  in  measles  after  the  temperature 
has  reached  the  normal. 

False  Lymphocjrtosis. — ^Thc  blood  of  adults  not  infrequently 
shows  false  lymphoc)rtosis,  a  condition  wherein  the  apparent 
increase  in  the  number  of  lymphocytes  results  from  the  absolute 
diminution  of  the  polymorphonuclear  cells;  and  is  obser\'ed 
in  general  debility,  pernicious  anemia,  chlorosis,  Graves'  disease, 
syphilis,  cervical  adenitis,  hemophilia,  goiter,  and  typhoid  fever. 

Absolute  Lymphocytosis. — Absolute  lymphocytosis  is  the 
term  used  to  denote  a  condition  wherein  the  total  number  of  leuko- 
cytes is  increased,  and  there  is  an  abnormally  high  percentage 
of  lymphocytes  present.  It  is  characteristic  of  lymphatic  leu- 
kemia; and  has  been  obser\'ed  by  Cabot  in  two  cases  of  broncho- 
pneumonia complicating  whooping-cough. 

In  a  case  of  exfoliating  dermatitis  (boy  of  eight  years)  studied 
at  the  Philadelphia  Hospital  in  1897,  I  found  the  leukocytes  to 
number  55,000  to  65,000  per  cubic  millimeter,  60  per  cent,  of 
which  were  lymphocytes.  Three  months  later  the  leukocytes 
were  practically  normal. 

Absolute  lymphocytosis  occurring  in  conjunction  with  glan- 
dular enlargement  constitutes  the  diagnostic  feature  of  lymphatic 
leukemia.  Cabot  regards  lymphocytosis  with  eosinophilia  as 
suggestive  of  obscure  syphiHtic  disease.  Lymphocytosis  may  be 
excited  by  thyroid  extract,  .pilocarpin,  and  tuberculin. 

Eosinophilia. — A  condition  of  the  blood  characterized  by 
an  increase  in  the  number  of  eosin()])hil.s  (see  Plates  5-7  and  8, 
eosinophils  and  eosinophilic  myelocyte). 
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Physiologic  eosinophilia  is  observed  during  infancy  and  men- 
struation. 

Pathologic  eosinophilia  may  be  found  in  the  following  con- 
ditions: Fibroid  bronchitis;  bronchial  asthma,  and  when  dysp- 
nea is  a  prominent  feature  where  they  have  been  known  to 
reach  50  per  cent,  of  the  total  number  of  leukocytes  (see  Spu- 
tum^ page  445);  and  in  certain  acute  and  chronic  cutaneous 
maladies,  as  urticaria,  where  I  have  seen  them  equal  62  per  cent. ; 
prurigo  and  psoriasis,  w^here  they  were  noted  to  reach  17  per 
cent,  by  Cannon,  and  22  per  cent,  in  a  case  observ-ed  personally 
at  the  dermatologic  clinic  of  the  Medico-Chirurgical  Hospital. 
I  have  also  observed  at  the  same  clinic  eosinophilia  in  connec- 
tion with  herpes  zoster,  pemphigus,  dermatitis,  ichthyosis,  and 
chronic  eczema.  In  gonorrheal  urethritis  increasing  eosinophilia 
suggests  extension  of  the  trouble  to  the  posterior  urethra.  In 
prostatitis  the  eosinophils  are  often  increased. 

Parasitic  Eosinophilia. — Trichinosis,  filariasis,  and  infec- 
tion with  Bilharzia  haematobia*  may  show  a  variable  degree  of 
eosinophilia  early,  but  later  eosinophilia  becomes  less  marked, 
and  may  even  be  absent,  as  has  been  the  course  of  a  case  of  trich- 
inosis which  I  have  been  privileged  to  follow  for  a  period  of 
five  years.  Calvert  f  studied  two  cases  of  filariasis,  in  one  of 
which  the  blood  showed  from  12.33  ^^  22  per  cent,  of  eosino- 
phils; while  the  second  presented  from  6  to  20  per  cent.  Leuko- 
cytosis existed  in  both  instances,  varj-ing  from  26,666  to  14,000 
per  cubic  millimeter. 

Buckler  concludes  from  a  series  of  investigations  that  all 
varieties  of  helminthides  are  capable  of  causing  an  increase  in 
the  number  of  eosinophils  in  the  blood.  He  found  with  infec- 
tion by  the  oxyuris  16  per  cent,  of  eosinophils;  ascarides,  19 
per  cent.;  ankylostoma,  72  per  cent.;  and  Taenia  mediocanellata, 
34  per  cent.  (Ehrlich  and  Lazarus,  p.  429;  see  also  Ankylostoma^ 

page  143)- 

Malignant  Tumors. — Eosinophilia  may  be  found  in  connec- 
tion with  malignant  growths,  sarcoma  commonly  ranging  from 
8  to  12  per  cent.;  but  in  lymphosarcoma  the  percentage  may 
be  greater. 

Eosinophilia  may  follow  the  removal  of  the  spleen  or  when 
this  organ  fails  to  functionate.  Hemorrhagic  exudates  and 
purpura  haemorrhagica  are  often  accompanied  by  a  high-grade 
eosinophilia.  In  a  case  of  chylous  ascites  (tubercular)  I 
have  found  38  per  cent,  of  eosinophils  in  the  peripheral  circu- 
lation.    Klein  found  74  per  cent,  of  eosinophils  in  the  hemor- 

*  "Lancet."  Dec.  6,  1002,  p.  1540. 

t  "Johns  Hopkins  Hosp.  Bui.,"  Jan.,  1902,  p.  2^. 
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rhagic  pleural  effusions^,  with  an  increase  in  the  number  found  in 
the  peripheral  circulation.  Eosinophilia  is  a  common  feature 
of  myelogenic  leukemia  (see  Leukemia,  page  130).  In  leprosy 
I  found  8.7  per  cent,  of  eosinophils.* 

Medicinal  eosinophilia  may  follow  phosphorus-poisoning 
and,  according  to  Taylor,  the  administration  of  nuclein  and 
pilocarpin.  The  eosinophils  are  increased  to  9  per  cent,  by  the 
administration  of  camphor.  During  the  height  of  the  course 
of  infectious  fevers  the  eosinophils  are  found  to  be  diminished, 
and  at  times  absent — scarlet  fever  and  rheumatic  fever  ser\'ing 
as  exceptions  to  this  rule.  They  are  also  diminished  by  the 
administration  of  ether  as  an  anesthetic  (Anders  and  Boston). 

During  the  post-febrile  period  it  is  common  to  find  an  increase 
in  the  number  of  eosinophils,  which  ranges  from  9  to  90  per  cent. 
of  the  total  number  of  leukocytes. 

Clinical  Significance. — Eosinophilia  is  of  great  service  in 
diagnosing  trichinosis,  filariasis,  tumors  connected  with  the 
genital  tract,  and  has  been  found  by  me  in  leprosy.  In  malig- 
nancy it  is  usually  conceded  to  follow  the  existence  of  metas- 
tasis, and  when  co-existent  with  lymphocytosis,  favors  obscure 
syphilis.  An  increase  in  the  eosinophils  accompanies  the  uric- 
acid  diathesis.  EosinophiUa  may  be  regarded  of  favorable 
prognostic  value  when  it  develops  during  the  course  of  scarlet 
fever,  pernicious  anemia,  chlorosis,  and  after  hemorrhage.  In 
obscure  tumors  of  the  viscera  eosinophilia  tends  to  exclude  malig- 
nancy. 

Diminution  of  the  Eosinophils  (Hypoeosinophilia). — 
The  eosinophils  are  diminished  or  absent  during  the  height  of 
acute  fevers,  as  typhoid,  diphtheria,  pneumonia,  la  grippe,  and  the 
majority  of  febrile  conditions  which  display  leukocytosis  during 
some  part  of  their  course,  during  digestion,  and  after  vigorous 
muscular  exercise.  This  diminution  in  the  number  of  eosinophils 
does  not  depend  upon  high  fever,  since  an  increase  may  be 
observed  in  scarlet  fever,  rheumatic  fever,  and  malaria.  Hem- 
orrhage and  malignancy  are  often  associated  with  hypoeosin- 
ophilia, and  it  is  said  to  follow  castration  (Neusser). 

BACTERIOLCXJY  OF  THE  BLCX)D. 

There  are  valid  reasons  for  the  belief  that  initially  most  blood 
infections  are  local;  that  after  a  lowering  of  the  normally  present 
protecting  power,  the  barriers  are  broken  and  secondary  infec- 
tion ensues  {bacteremia).     Such  invasion  results  in  streptococce- 

♦  "Trans.  Phila.  Co.  Med.  Soc.,"  Jan.,  1903. 
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mia,  staphylococcemia,  bacillemia,  or  diplococcemia.  Among  the 
bacteria  that  are  to  be  found  free  in  the  circulation  are  the  fol- 
lowing: Streptococcus,  bacillus  of  anthrax,  Bacillus  enteritidis, 
Bacillus  pyocyaneus,  Bacillus  proteus  vulgaris,  bacillus  of  glanders, 
bacillus  of  Friedlander,  bacillus  of  tuberculosis,  typhoid  bacillus, 
paracolon  bacillus,  colon  bacillus,  bacillus  of  Sternberg,  Bacil- 
lus pestis,  Bacillus  leprae,  vibrio  of  cholera,  spirillum  of 
relapsing  fever;  and  the  Micrococcus  melitensis,  gonococcus, 
pneumococcus,  Diplococcus  intracellularis,  Micrococcus  tetra- 
genus,  diplococcus  of  scarlatina  (Class);  and  micro-organisms 
have  been  found  in  the  blood  in  such  diseases  as  chorea, 
purpura  hi^emorrhagica,  rheumatism,  scur\7,  sepsis,  mumps 
(diplobacilli),  etc.  One  observer  reports  having  found  a  diplo- 
coccus in  the  blood  of  typhus  fever.  I  was  unable  to  confirm  this 
report  in  the  study  of  two  cases  at  the  Philadelphia  Hospital. 


THE  REACTION  OF  BACTERIA  AND  THEIR  PRODUCTS  OF  THE 

BLOOD. 

Many  of  the  changes  that  appear  in  the  blood,  commonly 
regarded  as  being  the  effect  of  fever,  are  in  reality  caused  by  the 
action  of  bacteria  or  their  products;  and  such  bacteria  may  be 
the  direct  cause  of  the  disease  from  which  the  individual  is  suffer- 
ing. The  researches  of  Bouchard,  Gley,  and  others  have  sho\Mi 
that  in  the  bodies  of  certain  organisms  (Bacillus  pyocyaneus) 
and  in  their  filtered  products  were  substances  capable  of  produc- 
ing a  vasoconstricting  action.  This  serves  to  explain  the  poly- 
cythemia present  in  certain  febrile  conditions  (see  Polycyth^miay 
page  84).  The  injection  experimentally  of  peptone,  animal  ex- 
tracts, tuberculin,  and  pyocyanin  produces  in  a  similar  manner  con- 
centration of  the  blood.  Grawitz*  has  detected  decided  variation  in 
the  density  of  the  blood  after  the  injection  of  pure  cultures  of 
diphtheria,  the  various  pus-producing  organisms,  and  the  vibrio 
of  cholera.  The  isotonic  tension  of  the  blood  was  found  to  be 
increased  by  small  doses  of  toxins,  while  large  doses,  and  even 
the  injection  of  typhoid  bacilli,  produced  an  opposite  effect. f 
The  various  products  resulting  from  the  development  of  bacteria 
in  the  human  organism — ptomains,  toxalbumins,  and  bacterio- 
protcins — are  generally  conceded  to  be  the  active  and  destructive 
agents  of  the  albumins  of  both  the  blood  and  body  tissues  in  all 
infectious  conditions.  Changes  in  the  body  tissues  are  not  of 
necessity  associated  with  fever.     The  chemotaclic  action  of  both 

*  "Zeit.  f.  klin.  Mt-d.,"  vnl.  xxii,  p.  411. 

t  Biandii  and  Mariolti,  "Wii'n.  mcd.  Prcssc,''  i>^94,  Xo.  36. 
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bacteria  and  their  products  upon  the  leukocytes  is  displayed 
through  the  production  of  leukocytosis  (see  Leukocytosis^  page  loi). 


HETHOD  OF  COLLECTING  BLOOD. 

1.  Sterilize  the  skin  of  the  flexor  surface  of  the  arm  above 
and  below  the  elbow,  when  an  assistant  should  grasp  the  arm 
so  as  to  prevent  the  venous  return  of  the  blood  and  thereby  dis- 
tend the  superficial  veins.  My  own  practice  is  to  make  an  in- 
cision through  the  skin  and  allow  the  assistant  to  draw  its  edges 
aside  by  the  aid  of  two  tenacula,  when  it  is  possible  to  enter  the 
vein  directly  and  thus  avoid  possible  contamination  by  passing 
the  needle  through  the  skin. 

2.  Into  the  most  prominent  vein  plunge  a  hypodermic  needle. 
"VMien  the  needle  enters  the  vein,  the  blood  usually  begins  to  flow 
into  the  bulb  of  the  syringe,  and  this  should  be 

gradually  enhanced  by  withdrawing  the  piston 
slowly  until  about  one-half  cubic  centimeter  of 
the  blood  has  been  removed.  Withdraw  the 
needle  quickly  and  apply  a  surgical  dressing  to 
the  site  of  the  wound. 

3.  Immediately  expel  the  blood  contained  in 
the  syringe  into  tubes  containing  agar-agar  which 
is  heated  to  a  temperature  of  42°  C.  (just  suf- 
ficient to  liquefy  the  medium  and  not  to  interfere 
with  bacterial  growth).  After  the  addition  of  one 
or  more  drops  of  blood  to  the  tube,  shake  well, 
and  stand  in  a  cool  place  until  the  medium  is  flask. 
solidified.     It  is  well  to  incline  the  tubes  slightly 

in  order  to  obtain  surface  growths.  Tubes  or  flasks  (Fig.  42) 
containing  bouillon  may  be  inoculated  with  the  blood  in  this 
manner,  and  it  will  be  found  a  most  convenient  method  of  inocu- 
lating tubes  for  plating. 

Personal  experience  favors  the  plan  of  mixing  the  blood  with 
a  liquid  culture-medium  and  then  inoculating  other  tubes  with 
this  mixture.  The  only  objection  which  can  be  raised  to  the 
diluting  of  the  blood  before  it  is  used  for  inoculation  of  tubes 
is  the  liability  of  contamination,  but  this  danger,  with  our  present 
bacteriologic  technic,  is  reduced  to  a  minimum. 

Caution. — It  is  of  special  moment  that  only  a  few  drops  of 
blood  (i  to  10)  be  introduced  into  a  tube  containing  10  c.c.  of 
culture-medium,  since  the  blood  often  contains  certain  proper- 
ties the  result  of  bacterial  development  (agglutinins  and  bac- 
terial products),  which,  unless  highly  diluted  (1-50  to  1-250), 
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interfere  with  the  growth  of  the  bacteria,  and  at  times  prove 
germicidal  to  them.  Cultures  from  the  blood  should  be  kept 
at  an  incubating  temperature  (37.5°  C.)  for  at  least  twenty-four 
hours,  and  in  the  case  of  the  tubercle  bacillus,  for  from  ten  days 
to  two  weeks — ^glycerin-agar  being  employed  as  a  culture-medium. 

Collecting  blood  in  this  manner  for  bacteriologic  study  does 
not  cause  more  pain  than  does  the  introduction  of  the  hypodermic 
needle,  and  if  done  under  thorough  aseptic  measures  should 
not  be  attended  by  ill  results.  The  gonococcus  may  be  culti- 
vated in  low  dilution  (1-2)  on  a  medium  of  agar  and  blood-serum; 
and  special  media  will  also  be  necessary  in  the  cultivation  of  the 
bacillus  of  influenza  and  the  Bacillus  aerogenes  capsuiatus,  for 
which  the  reader  is  referred  to  special  works  on  bacteriologv'. 

Blood  from  the  peripheral  circulation  when  smeared  upon 
slides  or  cover-glasses  may  show  bacteria,  but  this  finding  is 
rather  unusual  and  a  negative  result  would  be  of  no  clinical 
moment;  while  a  positive  result,  which  is  seldom  obtained,  bears 
some  clinical  significance.  It  is  possible  to  obtain  the  bacillus 
of  leprosy  in  this  manner  by  making  a  puncture  into  the  skin 
overlying  one  of  the  tubercles;  and  I  have  obtained  smears  show- 
ing the  bacillus  of  leprosy  within  the  bodies  of  the  leukoc)'tes, 
in  blood  drawn  through  the  healthy  skin  (see  Leprosy^  page  112). 
Blood  collected  from  near  the  initial  wound,  in  tetanus,  often  con- 
tains the  tetanus  bacillus.  The  bacillus  of  anthrax  is  commonly 
found  in  this  manner  and,  with  less  frequency,  the  Bacillus  mallei. 

Films. — Smear  the  blood  upon  shdes,  exerting  but  little 
pressure,  since  a  spread  far  too  thick  for  ordinary  study  is  pref- 
erable. Immerse  the  dried  films  in  a  5  per  cent,  aqueous 
solution  of  acetic  acid  for  ten  seconds  to  remove  the  hemoglobin 
from  the  erythrocytes;  dry  by  blowing  upon  the  specimen,  and 
then  hold  it,  face  down,  over  the  open  mouth  of  a  bottle  containing 
ammonia  to  neutralize  the  remaining  acid. 

Staining. — Staining  may  be  accomplished  by  the  ordinary 
anilin  dyes  (carbolfuchsin,  anilin-gentian-violct,  etc.).  Gunther 
recommended  staining  with  the  latter  solution  for  twenty-four 
hours,  then  treat  with  1-14  solution  of  nitric  acid  until  a  light- 
green  color  develops;  wash  in  alcohol,  dry  in  the  air,  and  mount. 
The  erythrocytes  do  not  stain  after  treatment  with  acetic  acid, 
and  bacteria,  when  present,  comprise  a  conspicuous  feature  of 
the  specimen. 

Animal  Inoculation. — It  has  been  my  practice  to  always 
have  at  hand  a  heahhy  guinea-pig  for  the  purpose  of  inoculating 
with  the  blood  obtained  for  bacteriologic  study,  and  to  inject 
from  five  to  twenty  minims  either  beneath  the  skin  or  into  the 
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periloncal  carity  of  the  animal.  Certain  hemic  changes  follow 
similar  injections  with  normal  blood — loss  of  hemoglobin  and 
leukocytosis;  but  bacteremia,  abscess,  or  death  of  the  animal 
rcsuhs  from  the  iniroduciion  of  bacieria. 
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Anthrax. — The  bacillus  of  anthrax  was  first  detected  in  the 
blood  by  Pollenderin  1849.  The  bacilli  are  best  demonstrated  in 
the  blood  by  inoculating  an  animal  with  a  virulent  cuhure  and 
stud\"ing  its  blood  within  twenty-four  hours.  They  are  always 
present  in  the  heart's  blood  at  postmortem,  may  be  transmitted 
from  the  muiher  to  the  fetus,  and  have  been  found  in  the  liijuor 
amnii. 

Relapsing  Fever. — Obermeicr  in  1873  describetl  a  flexible 
spiral  organism,  about  o.i  /' 
in  diameter  and  from  20  lo 
40  /(  in  length,  as  occurring 
in  ihe  blood  of  persons  suflcr- 
ing  from  relapsing  fever  dur- 
ing the  paroxysmal  stage  of 
ihe  disease  (Fig.  43).  Since 
the  original  report  of  Ober- 
meier  little  further  has  been 
learned  regarding  this  organ- 
ism. During  the  paroxj'sm 
they  are  generally  very  numer- 
ous, occurring  as  long,  slen- 
der, and  flexible  spirochjeta, 
and  display  ^'igorous  move- 
ments. Their  extremities  are  '""''  '■*'~^'"""bi^/r>"'.™^  '*''"  '"  """"" 
pointed.      The    spirillum    of 

Obermeicr  stains  readily  by  the  ordinarj-  dyes  (two  to  five  min- 
utes), but  not  by  Gram's  method.  Efforts  to  cultivate  the  organ- 
ism have  been  unsuccessful;  Koch,  however,  is  reported  to  have 
cultivated  the  spirillum,  and  to  have  demonstrated  the  formation 
of  spores.  During  the  interval  between  paroxysms  there  are  to 
be  seen  small,  refraclile  globules  (coccus  like),  which  v.  Jaksch 
beheves  transform  into  spiroch.Tta.  After  the  crisis  they  are  found 
to  be  motionless,  and  many  of  them  have  been  engulfed  by  the 
leukocytes.* 

.Albrecht  has  described  at  length  an  interesting  scries  of  obser- 
vations-t     He   collected  the  blood,  during  the  afebrile   period. 
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in  nicisi  ciiambers,  and  afrer  nn^ni  dve  to  six  davs  manv  of  these 
3pecimens  became  traded  with  spirilla.  The  spirillum  may  be 
keoc  living  for  a  Idcjt  ame — ^*one  himdred  and  eightv  davs" — 
in  defibn'rared  blood  at  a  temperature  of  20°  C.  It  is  destroyed 
bv  liuid  from  the  seroos  sacs,  urine,  saliva,  oxygen^  and  CO,. 
The  disease  may  be  trananined  Zij  both  man  and  apes  by  inocu- 
ladcn  with  the  bbod  of  Infetirai  patients- 

Tnbcxcle  Bfilhw. — ^The  roberde  han'TIns  is  to  be  encountered 
in  the  blood  of  acute  miliary  r-ibercuLosHS,  and  at  the  same  time 
the  bacilE  may  also  be  found  in  the  urine  without  the  existence 
of  tuberculous  Lesions  of  ±e  genito-urinarj  tract.  Tubercle 
harilTf  have  also  been  found  in  the  blood  of  the  fetus  when  bom 
of  a  tuberculous  mixher.  I:  <ioes  not  fbHow,  however,  that  tubercle 
bacflK  are  at  aH  a  common  nmiing  in  the  blood.  The  various 
observers  have  found  the  bt^od  of  tuberculous  persons  to  contain 
staphylococci  and  streptococci:  while  negative  results  have  been 
efrally  numerous.  The  methcd  most  Ekely  to  prove  satisfactor}* 
is  the  inoculation  of  a  guinea-pig  with  blood  from  a  person  known 
to  be  tuberculi:>us. 

Leprosjr. — ^The  BaciKus  Lepne  may  be  found  in  the  blood 
durtng  the  advanceti  stage  of  this  disease,  yet,  generally  speak- 
inir,  it  rarelT  enter?  die  circnLirfon.  When  an  Lnciaon  is  made 
directly  over  a  tubercle  and  pressure  made  upon  this  mass, 
the  blood  which  exudes  is  likelv  to  contain  lepra  bacilli.  Stre- 
ker*  found  Lec-ra  bacilli  in  ±e  feukcrvres  in  aH  of  five  cases 
examined:  -^hile  Bmwnt  detected  these  bacilK  in  the  pohTnor- 
Dhonuclear  Ie'^^:  .-cvtes  in  nine  ou:  of  sxreen  cases  examined. 
In  i  case  stU'iiei  thnjuii  the  courtesy  of  Dr.  John  V.  Shoemaker 
blf-jod  dn:rn  frcm  a  rather  deeo  incLaon  throu^  the  normal 
skin  of  the  f.nger  xas  Dreoare^i  in  the  usual  manner,  nxed  bv 
heat,  and  stainei  fir  ±e  "Bacillus  lerrx**  with  carb<:>lfuchsin, 
and  cc.T^.ter5tjined  by  Gabbett's  ntethylene-blue  solution.  Such 
sc-er.imen  smears  ct-.-ntained  iff^  r^?lynucLear  leubxytes.  in  the 
^r-.C:'- plasm  ci  Trhich  lepra  bacLIl:  '^ere  rea^iily  seen:  the  smallest 
r.-mher  -tf  bacill:  c-bservei  in  i  r»: '.'-nucIeAr  Iieuk«>cvte  beinsr  two, 
md  the  zreates:  number  eieh:.  Bacilli  ':^"ere  also  found  free 
in  the  zlasma,  iZ'i  in  this  sittLi::on  -.xcurnnc  Hn:riv  or  at  most 
:"i- 0    .r  :h-=re   in  a  sinzie  f.^rli    Plate  ^  -I     Striker  found  extra- 

Typhoid  Fever. — Bi:illc~t:i  if  r. ::  ir.  unconnton  concomit- 
i.-.:   ',:  : — --:t  r-r'-er.  "."itir-t  ur.::.  ri-:-:r.:/'  :'Tn::i  baaui  were 
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^^^^^^  I.  Blood  from  a  case  of  leproay  stained  wilh  cosin  and  hematoxylin.  Note  the 
*iumerous  nucleated  erythrocytea;  at  the  right,  one  showing  two  nuclei;  at  the  Itft, 
Kme  wilh  nucleus  situated  on  the  marain  of  the  cell. 

.  Blood  stained  with  carbolfuchsin  and  methylene- blue,  and  showing  lepra 
li  (obj.  Queen  onc-lwclftb  oil-it 
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not  supposed  to  enter  the  blood.  In  mothers  suffering  from 
typhoid  the  bacillus  of  Eberth  has  been  repeatedly  isolated  from 
the  blood  of  both  the  fetus  and  the  placenta.  R.  C.  Rosenberger, 
in  an  exhaustive  monograph,*  to  which  is  appended  a  complete 
bibliography,  collected  from  the  literature  reports  of  518  cases 
of  typhoid  fever  wherein  the  blood  was  examined  for  the  bacillus 
of  Eberth,  with  positive  results  in  419  of  the  cases,  or  80.8  per 
cent.  Typhoid  bacilli  may  be  found  in  the  blood  early  during 
the  course  of  the  disease.  The  bacillemia  has  not  been  showTi 
to  bear  a  direct  relation  to  the  occurrence  of  the  bacillus  of  Eberth 
in  the  urine,  yet  were  the  blood  and  urine  to  be  studied  cor- 
relatively,  it  is  highly  probable  that  a  more  or  less  direct  relation 
would  be  found  to  exist  between  bacillemia  and  bacilluria. 

Suppuration. — ^The  ordinary  pus-producing  organisms,  the 
streptococcus,  staphylococcus,  and  Bacillus  pyocyaneus,  have 
been  isolated  from  the  blood  in  cases  wherein  suppuration  existed 
and  in  chronic  tuberculosis.  Von  Eiselbcrgf  found  specific  bac- 
teria in  the  blood  of  77  out  of  1 56  cases  of  sepsis  examined.  Among 
the  organisms  found  were  the  streptococcus,  staphylococcus, 
pneumococcus,  gonococcus,  and  the  Bacillus  coli  communis. 
He  also  isolated  specific  bacteria  from  the  blood  in  i  out  of  3 
cases  of  puerperal  sepsis.  The  Bacillus  enteritidis,  streptococcus, 
staphylococcus,  and  Bacillus  coli  communis  have  been  found  in 
the  placental  blood  of  women  suffering  from,  apparently,  local 
sepsis.  An  infant  bom  of  a  mother  suffering  from  facial  ery- 
sif)elas  showed  streptococcemia  and  ulcerative  endocarditis. 
Blood  ^vithdrawn  from  the  vein  during  the  course  of  erysipelas 
is  likely  to  be  free  from  bacteria,  but  taken  from  the  vicinity 
of  the  infected  area  it  is  apt  to  contain  cocci,  as  has  been  repeatedly 
demonstrated  by  the  author. 

Pneumonia. — During  the  course  of  croupous  pneumonia 
the  pneumococcus  may  be  found  in  the  circulating  blood  and  in 
the  fluid  from  infected  joints.  RosenowJ  obtained  cultures  of 
the  pneumococcus  in  160  out  of  175  bloods  examined;  positive 
results  were  obtained  in  all  stages  of  the  disease  and  in  47  out 
of  80  cases  studied  by  blood  smears.  In  reports  of  56  examina- 
tions collected  from  the  literature  (Rosenberger)  diplococci  were 
found  in  29  instances.  Beco  isolated  the  bacillus  of  Friedlander 
from  a  case  of  pneumonia  due  to  this  organism.  I  have  isolated 
the  bacillus  of  Friedlander  from  the  heart's  blood,  meninges,  car- 
diac abscess,  and  from  the  lung  in  a  subject  dead  of  pneumonia. 

Influenza. — Cannon  recovered  short  bacilli  from  the  blood 

*  "  The  Bacteriology  of  the  Blood,"  "  Amer.  Jour.  Med.  Sci.,  "  August,  1903. 
t  "  Wien.  klin.  Wochenschr.,"  1890. 
t"Jour.  Amer.  Med.  Assoc.,"  March  18,  1905,  p.  871. 
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in  20  cases  of  influenza,  but  ihis  organism  has  abo  been  obtained 

from  the  blood  of  scarlet  fever,  measles,  chicken-pox,  and  diph- 
theria, which  renders  this  finding  of  hmited  value. 

Epidemic  Meningitis. — In  epidemic  cerebrospinal  meningi- 
tis Gwyn,*  among  other  observers,  has  recovered  the  Diplococcus 
intraccllularis  of  Weichselbaum  (Fig.  213)  from  the  venous  blood 
during  Ufe.  I  have  also  obtained  this  organism  from  the  heart's 
blood  at  postmortem,  but  efforts  at  its  cultivation  before  the 
patient's  death  have  been,  with  but  a  single  exception,  of  no  avail. 
In  one  instance  I  recovered  a  pure  culture  of  the  diplococcus  of 
pneimionia  from  the  venous  blood  antemortem,  and  from  the 
cerebrospinal  fluid  both  the  pncumococcus  and  the  Diplococcus 
intracellularis  were  cultivated  during  life  and  at  postmortem.  In 
anolhercaseabadllus(colongroup)  was  cultivated  from  the  venous 
blood  antemortem,  and  the  colon  bacillus  and  the  Diplococcus  in- 
traccllularis were  recovered  from  the  meninges  at  autopsy.  The 
pncumococcus  has  been  isolated  from  the  blood  of  the  fetus  where 
the  mother  suffered  from  cerebrospinal  meningitis.f 

Purpura. — Letcherich  found  large  bacilli  in  the  blood  of 
purpura  ha;mnrrhagica,  while  other  observers  have  recovered 
cocci.  In  three  cases  studied  antemortem  I  was  unable  to  culti- 
vate bacteria  from  the  venous  blood. 

Ulcerative  Endocarditis.^In  acute  ulcerative  endocarditis 
the  various  pus-producing  organisms  have  been  cultivated  from 
the  blood,  and  in  addition  to  these  Gwyn  J  has  recovered  the 
Bacillus  aerogcnes  capsulatus. 

Gonococcus.— Johnson,^  among  other  observers,  has  culti- 
vated the  gonococcus  from  the  blood  of  persons  suffering  from 
gonorrheal  endocarditis. 

Plague. — In  bubonic  plague  bacillemia  occurs,  as  is  shown 
by  Atkinson'sll  study  of  273  cases,  in  221  of  which  the  Bacillus 
pestis  was  isolated  from  the  blood  (81  per  cent.).  Rosenberger 
has  collected  reports  of  blood  examinations  of  433  cases  of  bubonic 
plague  with  positive  results  in  300  instances  (69  per  cent.). 

Diphtheria.— The  diphtheria  bacillus  may  be  cultivated 
from  the  blood  in  malignant  forms  of  the  disease. 

Fungi. — In  connection  with  general  furunculosis  Weber** 
recovered  blastomycetcs  from  the  blood. 

Malta  Fever. — During  the  course  of  Malta  fever  the  Micro- 

•  "Johns  Hopkins  Hosp.  Bui.,"  181K),  p.  ill. 

t  "Schmidrs  Jahrbuch,"  iSgj,  p.  127. 

t  "Johns  Hopkins  Hosp.  Bui.,"  1900,  p.  1S5. 

I  Ibid.,  Ocl.,  1901. 

II  "LaDcet."  Jan.  16,  1901. 
*•  "Society  of  Internal  Med,,"  Berlin,  Dec.,  191 
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COCCUS  mditensis  may  be  recovered  from  the  blood  of  the  venous 
circulation,  and  when  cultivated  from  this  source  will  be  found 
to  agglutinate  with  the  patient's  serum  (see  page  125). 

Chorea. — ^Leredde  obtained  a  pure  culture  of  the  Staphylo- 
coccus pyogenes  albus  from  the  blood  of  a  case  of  chorea  com- 
plicated by  endocarditis.  In  chorea  the  cadaveric  blood  has  been 
found  to  contain  bacteria. 

Scarlet  Fever. — During  the  course  of  scarlet  fever  Raskin* 
found  a  Staphylococcus  pyogenes  in  the  circulating  blood  in  2 
out  of  64  cases  examined.  Class  has  found  the  diplococcus  of 
scarlatina  to  invade  the  circulation;  while  other  observers  have 
conducted  systematic  researches  which  were  attended  with  nega- 
tive results. 

Scurvy. — According  to  Rosenell,  Murri,  Muller,  and  Wieruszky 
bacteremia  may  occur  during  the  course  of  scurvy,  but  the  latter 
of  these  observers  was  imable  to  show  any  relation  between  the 
bacteria  recovered  from  the  blood  of  scorbutic  patients  and  this 
disease.  In  elephantiasis,  valvular  heart  disease,  and  carcinoma 
bacteria  have  been  isolated  from  the  blood. 

Leukemia. — The  literature  contains  detailed  bacteriologic 
reports  of  96  cases  of  leukemia,  49  of  which  were  chronic.f 
In  nearly  one-third  of  the  cases  bacteriologic  study  was  nega- 
tive, and  many  bacteria  were  classified  only  as  cocci  or  bacilli. 
Among  the  determined  organisms  were  Streptococcus  pyogenes, 
Staphylococcus  citreus,  aureus,  and  albus,  pneumococcus,  sar- 
cinae,  bacillus  of  Friedlander,  Bacillus  proteus,  and  the  colon 
bacillus.  In  12  of  the  cases  short,  thick  bacilli  with  rounded 
ends  were  found;  and  spore-formation  was  suspected  or  noted 
occasionally,  while  clear  central  spaces  in  the  bacilli  were  re- 
peatedly mentioned. 


INVASION  OF  THE  RED  BONE-MARROW  BY  BACTERIA. 

E.  FraenkelJ  reports  a  series  of  observations  upon  the  red 
bone-marrow  during  the  course  of  the  various  acute  infectious 
maladies.  It  does  not  always  follow,  from  these  observations, 
that  the  specific  organism  of  the  disease  from  which  the  patient 
is  suffering  is  the  one  found  to  invade  the  bone-marrow.  Second- 
ary infection  of  the  bone-marrow  during  the  course  of  acute 
febrile  conditions  was  found  to  be  rather  common. 

♦  "Centralbl.  f.  Bakt.,"  i88q,  p.  286. 

t  Nichols,  "Amer.  Med.,"  July  18,  1903,  p.  102. 

J  "Mitt.  a.  d.  Grenzgcb.  d.  Med.  unci  Chirurg.,"  vol.  xii,  p.  419. 
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Typhoid  Fever, — Fraenkel  recovered  typhoid  bacilli  from 
the  bone-marrow  of  patients  suflfering  from  typhoid  fever  during 
all  stages  of  the  disease,  and  makes  the  assertion  that  t)'phoid 
bacilli  are  invariably  present  in  the  bone-marrow.  In  this  con- 
nection the  reader  is  referred  to  the  invasion  of  the  blood  by 
typhoid  bacilli,  page  112,  since  the  question  of  bacillemia  must 
of  necessity  cause  an  invasion  of  the  bone-marrow  with  typhoid 
bacilli.  Typhoid  bacilli  remain  in  the  bone-marrow  after  the 
local  lesions  in  the  intestine  are  healed. 

Tuberculosis. — In  chronic  pulmonary  tuberculosis  specific 
bacteria  are  rarely  to  be  recovered  from  the  bone- marrow;  nor 
is  it  at  all  common  to  find  the  organisms  of  secondary  infection 
present  in  the  marrow  in  this  malady. 

Diphtheria. — It  is  extremely  unusual  to  recover  the  diph- 
theria bacillus  from  the  bone-marrow  during  the  course  of 
diphtheria,  a  condition  readily  explained  through  the  fact  that 
bacillemia  is  not  a  common  feature  of  diphtheria.  Fraenkel 
found  the  bone-marrow  to  be  invaded  with  streptococci  in  many 
of  the  cases  of  diphtheria. 

Scarlet  Fever. — In  scarlet  fever  streptococci  are  an  almost 
constant  finding  in  the  bone-marrow.  There  appears  to  be  no 
constant  period,  during  the  course  of  the  disease,  at  which  time 
the  streptococci  enter  the  bone-marrow;  and  the  period  during 
which  they  may  be  recovered  from  this  situation  varies  greatly 
with  different  types  of  the  disease. 

Erysipelas. — In  erysipelas  specific  bacteria  may  be  found 
in  the  bone-marrow  during  the  acute  stage  of  the  disease.  These 
organisms  are  to  be  found  in  large  numbers  after  the  local  symp- 
toms have  subsided. 

Clinical  Significance. — The  direct  injury  that  the  bacteria 
must  exert  upon  the  bone-marrow  serves  to  explain,  in  a  measure 
at  least,  the  blood  changes  common  to  this  and  other  infectious 
maladies.  Infection  of  the  bone-marrow  with  bacteria  appeals 
to  one  as  the  possible  foundation  for  many,  and  possibly  all, 
the  hematologic  changes  present  in  acute  infectious  conditions. 

The  recovery  of  specific  bacteria  from  the  red  bone-marrow 
does  not  appear  to  be  a  clinical  finding  worthy  of  special  descrip- 
tion, since  the  same  bacterium  may  be  more  easily  cultivated 
from  the  blood. 

SERUM-DIAGNOSIS. 

Serum-diagnosis  is  based  upon  a  study  of  the  pathologic 
chcmistrv  of  the  blood,  and  has  been  found  of  the  utmost  im- 
portance  in  the  recognition  of  disease,  though  it  is  only  possible 
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at  present  to  detect  the  presence  of  a  limited  number  of  varieties 
of  infection.  The  reactions  that  take  place  through  serum- 
diagnosis  may  be  conveniently  classed  under  the  following  head- 
ings: 

I.  The  reaction  between  a  pure  culture  of  a  micro-organism 
and  the  serum  of  an  animal  infected  with  the  same  organism: 
{a)  The  agglutination;  (b)  solution  of  the  micro-organism;  (c) 
formation  of  a  tangled  mass  composed  of  motionless  filaments 
of  micro-organisms;  (d)  the  production  of  a  precipitate  when 
serum  of  an  infected  animal  and  the  filtered  culture  (germ-free) 
of  the  bacterium  causing  the  infection  are  mixed. 

II.  Reaction  between  erythrocytes  of  one  species  of  animal 
and  the  serum  of  another  species  into  which  the  erythrocytes 
of  the  former  animal  have  been  injected:  (a)  Agglutination  of 
the  erythrocytes;  (b)  solution  of  the  erythrocytes  with  the  forma- 
tion of  a  precipitate  should  the  serum  of  the  animal  injected 
be  mixed  with  that  of  an  animal  of  the  same  species  as  the  one 
from  which  the  blood-corpuscles  were  taken.  Neisscr  and  Daring 
have  shown  that  the  usual  reaction  between  human  blood -serum 
and  the  blood  of  animals  of  another  species  is  curiously  modified 
in  uremia.  Human  serum  (active)  iV  c.c,  dissolves  the  blood- 
cells  in  I  c.c.  of  rabbit's  blood,  and  the  fluid  becomes  clear  in 
two  hours.  After  the  thermolabile  complement  of  the  serum  is 
destroyed  by  heat  and  a  quantity  of  it  mixed  with  the  native 
serum,  the  addition  of  the  rabbit's  blood  will  not  affect  the  usual 
reaction,  but  the  fluid  remains  cloudy  and  the  corpuscles  are 
not  dissolved. 

Streptocolysis. — It  has  been  shown  by  various  observers,  and 
more  recently  by  G.  F.  Ruediger,*  that  virulent  streptococci 
when  grown  in  heated  rabbit's  serum  and  other  serums  develop 
a  hemolysin  which  is  capable  of  destroying  the  er}'throcytes  of 
several  animals.  This  product  (hemolysin)  is  an  organic  sub- 
stance which  is  destroyed  by  a  temperature  of  70°  C.  for  two 
hours;  deteriorates  at  incubating  and  room  temperatures;  but 
may  be  kept  for  a  longer  period  in  a  refrigerator;  is  non-dialyz- 
able,  and  is  destroyed  by  peptic  digestion. 

Streptocolysin  is  composed  of  a  haptophore  and  a  toxiphore 
group  which  appear  to  be  rather  firmly  united.  Chickens^ 
serums  are  capable  of  neutralizing  the  haptophore  group;  while 
the  toxiphore  group  is  destroyed  by  zinc  chlorid.  The  red  cells 
of  man  and  of  the  rabbit  are  least  resistant.  The  cells  of  the 
chicken,  ox,  and  horse  are  hastened  to  dissolution  by  first  washing 
them  in  normal  salt  solution. 

♦  "Jour.  Amer.  Med.  Ass.,"  Oct.  17,  1903. 
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The  serums  of  certain  animals  have  an  aniistrepiocdysin. 
Formaldehyd  in  weak  solution  exercises  an  antihemolytic  power. 
The  filtered  culture  of  a  virulent  streptococcus  in  heated  serum 
will  be  found  toxic  for  rabbits. 

III.  Reaction  between  normal  blood-serum  and  bacteria, 
which  consists  in  both  agglutination  and  solution. 

IV.  Reaction  between  a  pure  culture  of  one  class  of  bacteria 
and  the  erythrocytes. 

V.  Reactions  between  both  normal  and  pathologic  serums  of 
animals  and  the  blood-corpuscles  of  animals  of  the  same  or  of 
other  species,  which  consist  of  solution  and  agglutination. 

VI.  A  reaction  occurs  between  the  serum  of  one  species  of 
animal  and  an  emulsion  of  cells  derived  from  the  organs  of  another 
species,  the  animal  ha\dng  been  previously  injected  with  the 
emulsion,  and  consists  in  solution,  except  when  the  cells  are  motile 
(spermatozoa),  when  agglutination  occurs.  There  is  a  reaction 
which  also  takes  place  within  the  body  after  active  serums  derived 
from  inoculated  animals  or  from  normal  animals  of  certain  species 
are  injected  experimentally.  This  change  is  termed  hemolysis, 
and  simulates  that  found  in  pernicious  anemia. 

VII.  Halban  and  Landsteiner  *  have  recently  shown  that  the 
serum  of  maternal  blood  is  far  more  active  than  is  that  of  fetal 
blood — viz.,  (a)  It  requires  a  larger  number  of  corpuscles  to  un- 
dergo solution;  (b)  agglutinates  blood-corpuscles  more  actively; 
(c)  has  a  stronger  action  against  bacteria  and  against  the  process 
of  fermentation;  and  (d)  is  more  potent  as  an  antitoxin  and 
against  immunizing  serum.  This  explains  the  readiness  with 
which  the  new-born  are  infected.  A  point  of  practical  importance 
is  to  ascertain  at  what  period  of  extra-uterine  life  infantile  serums 
become  active.  The  specific  agglutinin  results  in  the  precipi- 
tation of  all  bodies  suspended  in  the  media.  Non-specific  ag- 
glutinin is  associated  with  a  precipitate  of  the  motile  bodies  only, 
the  bacteria  remaining  passive.  The  hanging-drop  method  may 
be  applied  in  the  study  of  hemoprecipitins.f 

WIDAL  REACTION. 

Most  characteristic  and  valuable  among  the  reactions  for 
serum-diagnosis  is  that  of  the  Widal  reaction,  which  is  usually 
referred  to  in  connection  with  typhoid  fever,  but  the  same  technic 
employed  in  this  reaction,  with  slight  deviation,  ser\'es  as  a  basis 
for  the  various  other  serum  reactions. 

Method. — Collecting  of  the   Blood. — ^Two  methods   are  in 

*  Anatomical  Institute,  Vienna. 

t  Robin,  "Phila.  Med.  Jour.,"  Dec.  20,  1902,  p.  1019. 


WIDAL   REACTION. 


119 


A^ 


E- 


\ 


/ 


D- 


vogue  for  collecting  the  blood  for  the  Widal  reaction:  (a)  The 
dry  method,  in  which  a  piece  of  glazed  paper 
is  allowed  to  touch  the  summit  of  a  drop  of 
bloody  and  is  dried  in  the  air;  (6)  by  collect- 
ing the  blood  in  the  capillary  pipet  and  dilut- 
ing. Wright  has  suggested  a  special  pipet  for 
collecting  the  blood  (Fig.  44),  and  Widal  has 
found  that  even  a  less  complicated  pipet  serves 
well  for  this  purpose,  (i)  Draw  the  blood  into 
the  pipet;  heat  the  extremities  to  seal  them  off, 
after  which  the  pipet  and  its  contents  are  con- 
veyed to  the  laboratory.  (2)  After  sufficient 
time  has  elapsed  for  the  serum  to  separate 
from  the  clot,  break  off  the  ends  of  the  pipet 
and  expel  the  serum  into  a  sterile  watch-glass 
(labeled).  (3)  By  means  of  a  graduated  pipet, 
transfer  a  portion  of  the  serum  to  another 
watch-glass  containing  saline  solution.  In  this 
manner  dilutions  1-20,  i-ioo,  1-500  or  more 
are  readily  accomplished.  Wright's  tubes  are 
easily  made  from  the  glass  tubing  always  at 
hand  in  the  laboratory. 

Culture. — ^A  pure  culture  of  typhoid  bacilli 
is  transferred  to  a  series  of  agar  slants,  mak- 
ing one  or  more  cultures  each  day.  Place  in 
the  dark  at  room  temperature,  and  when  the 
culture  is  from  ten  to  fourteen  days  old,  trans- 
fer it  to  bouillon  and  allow  the  second  culture 
(bouillon)  to  remain  at  room  temperature  for 
twenty-four  hours.  By  this  method  the  typhoid 
bacilli  develop  to  a  large  size,  and  their  move- 
ments are  rather  sluggish  when  studied  correla- 
tively  with  bacilli  grown  at  incubating  tempera- 
ture (37°  C),  and  spontaneous  clumping  is 
rarely  seen.  I  have  employed  this  method 
during  the  past  six  years  and  have  had  no 
reason  to  modify  it  in  any  way.  It  is  the 
method  now  in  use  by  the  Board  of  Health 
of  Philadelphia,  and  its  perfection  is  due  to 
the  careful  work  of  Dr.  Stewart,  Director  of 
that  department. 

I.  When  the  blood  has  been  collected  upon 
glazed  paper,  add  20  to  40  times  its  quantity 
of  sterile   bouillon  to  the   drop,  when   make 
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FiR.  44  —Wright's 
pi|>et  (actual  sizf) :  A, 
Oi)cii  end  of  capillary 
tunc ;  B,  index  ;  C.  mix- 
ing chamber;  I),  con- 
nectiuK  capillary  tube ; 
K,  air-chamber  ;  F, 
sealed  end. 
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gentle  friction  with  a  platinum  loop  over  the  surface  of  the  drop 
at  its  margin,  thereby  assisting  in  its  solution  and  the  mixing  of 
the  serum  with  the  bouillon.  In  this  way  an  approximate  dilu- 
tion of  I-20  or  greater  is  obtained. 

II.  Place  a  drop  of  the  mixture  (blood  and  bouillon)  upon 
the  center  of  a  cover-glass,  and  to  it  add  a  small  drop  of  the 
twenty-four-hour  bouillon  culture  of  typhoid  bacilli;  mix  gently. 

III.  Place  a  ring  of  vaselin  just  beyond  the  margin  of  the 
excavation  on  a  hanging-drop  slide  (Fig.  45),  and  then  invert 
the  slide  over  the  cover-glass,  taking  care  that  the  drop  of  liquid 
upon  the  cover-glass  corresponds  to  the  center  of  the  excavation 
upon  the  slide.  Press  the  slide  firmly  upon  the  cover-glass  to 
which  it  adheres.  Invert  the  slide  quickly  and  the  specimen 
is  now  ready  for  examination  under  the  microscope. 

Caution. — Should  too  much  vaselin  be  employed  or  the  sUde 
be  turned  slowly  or  should  the  drop  of  liquid  be  too  large,  the 
fluid  will  collect  around  the  margin  of  the  excavation.     Properly 
prepared,  the  drop  occupies  the  center  of  the  cover-glass  sus- 
pended from  its  under  sur- 

II  ^ „   1 face  into  the  chamber  of 

W^^^^^mm^^^TrrriT^^T^^  the  slide.     When  the  blood 

Fig.   45.  —  Lateral  view  of  a  hanging-drop  slide,     "^^    been     COlleCted    m    the 

cover-giass  in  position.  pipet,  break  the  extremities 

of  the  tube  and  force  out  4 
or  5  drops  of  the  serum  by  blowing;  then  place  a  small  drop 
upon  the  center  of  the  cover-glass,  add  salt  solution  or  bouillon 
to  effect  the  dilution,  and  follow  by  adding  a  drop  of  the  typhoid 
culture,  and  proceed  as  previously  outlined.  Place  the  specimen 
upon  the  microscope  under  a  one-fifth  or,  better,  a  one-sixth  ob- 
jective, and  adjust  the  mirror,  condenser,  and  iris  diaphragm  so  as 
to  permit  of  a  moderate  amount  of  light. 

To  reiterate,  a  one-sixth  objective  focuses  at  a  point  just  suf- 
ficiently distant  above  the  cover-glass  to  enable  one  to  see  between 
the  cover-glass  and  the  tip  of  the  lens  when  the  eye  is  brought  on 
a  plane  with  the  table  of  the  microscope.  A  common  source  of 
annoyance  is  the  breaking  of  the  cover-glass  by  the  objective. 
Place  the  eye  in  position  and  elevate  the  objective  gradually,  when 
the  motile  bacteria  come  into  view.  Should  there  be  no  evidence 
of  a  reaction,  actively  motile  bacilli  are  seen  equally  disseminated 
throughout  the  field. 

The  Reaction. — The  various  steps  in  the  reaction  may  be 
classified  as  follows:  (a)  Place  the  center  of  the  drop  of  Hquid 
under  the  objective,  and  actively  motile  bacilli  will  be  seen  through- 
out the  entire  field,     (b)  The  first  evidence  of  a  reaction  is  de- 
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tected  by  retarding  movemenls  of  the  bacilli,  (c)  A  small  bacillus 
attaches  itself  to  the  side  of  a  larger  organism, — the  Y  formation, 
— and  later  other  bacilli  are  seen  to  come  in  contact  with  these; 
some  of  them  remaining  to  form  a  clump,  while  others  by  active 
movements  detach  themselves  from  the  clump  and  again  appear 
free  in  the  liquid.  As  the  movements  of  the  bacilli  lessen,  more 
and  more  bacilli  become  attached  (Y  formation),  until  there 
are  decided  aggregations  of  bacilli  in  certain  areas  throughout 
the  entire  drop  of  liquid  (Fig.  46).  (d)  The  reaction  is  not  complete 
until  all  motility  of  the  organisms  composing  these  various  aggrega- 
tions has  ceased. 

Caution. — Clumping  may  be  found  at  the  margin  of  the  drop 


Fi|:.  46.— Positive  Widal  reartion ;  dilution  1-40  (obj.  B.  ami  I.,  onc-sixth). 


when  the  test  is  made  with  normal  blood;   therefore  only  central 
clumping  is  of  clinical  value. 

Methods  of  Making  Records. — Number  each  slide  and  place 
under  the  microscope  as  soon  as  they  are  prepared.  Note  carefully 
which,  if  any,  of  the  above-described  conditions  arc  present.  Should 
there  be  no  attempt  even  at  Y  formation  or  clumping,  we  mark 
with  a  wax  pencil  thus,  —  (minus),  upon  the  right-hand  end 
of  the  slide;  but  in  case  slight  evidence  of  clumping,  is  present, 
it  is  marked — ?;  or  incase  there  be  present  a  feeble  reaction, 
agglutination  without  loss  of  motion,  it  is  marked  +  ?  (])lus). 
Specimens  should  be  examined  ever)'  fifteen  minutes  for  a  period 
of  one  hour,  at  which  time  the  last  marking  will  be  either  +  or  — . 
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It  has  been  my  rule  to  regard  all  questionable  reactions  as  being 
negative,  and  to  mark  them  — ,  believing  it  of  less  serious  moment 
to  err  upon  this  side. 

Clinical  Significance. — The  Widal  reaction  occurs  at  some 
time  during  the  course  of  typhoid  fever  in  from  95  to  98  per  cent, 
of  all  cases.  The  reaction  cannot  be  said  to  be  pathognomonic 
of  this  disease,  since,  rarely,  it  occurs  in  other  febrile  conditions 
and  in  jaundice.  I  have  observed  the  reaction  once  in  the  blood 
of  scarlet  fever,  and  again  in  diphtheria.  The  reaction  may 
occur  early  during  the  course  of  typhoid  fever,  but  as  a  rule  it 
is  found  from  the  fifth  to  the  ninth  day.  It  may,  however,  not 
appear  until  the  twentieth  day,  or  even  later  when  convalescence 
is  well  established.  The  blood  of  persons  who  have  had  typhoid 
fever  may  give  the  reaction  for  months  or  years  after  all  other 
appreciable  symptoms  of  the  disease  have  disappeared.  I  have 
obtained  a  decided  reaction — dilution  1-40 — thirteen  years  after 
an  attack  of  typhoid  fever;  but  other  observers  have  found  it  to 
persist  over  a  much  longer  period.  The  frequency  with  which 
patients  are  told  they  have  typhoid  fever  where  the  condition 
merely  simulates  this  disease  leaves  ample  room  for  question 
whether  or  not  such  persons  have  suffered  a  mild  attack  of  typhoid 
at  a  more  recent  date.  In  my  own  experience  I  have  always 
questioned  the  statement  of  the  patient  that  he  had  tjq)hoid  fever 
before  when  the  blood  gave  the  Widal  reaction  three  years  after 
t^hoid  fever.  The  Widal  reaction  serves  not  only  in  distinguish- 
ing typhoid  fever  from  other  types  of  infection,  but  also  in  detect- 
ing the  existence  of  typhoid  infection  when  it  develops  co-exist- 
ent with  some  other  disease. 

In  the  study  of  a  series  of  456  cases  of  suspected  typhoid 
fever  in  the  Philadelphia,  the  Howard,  the  Pennsylvania  Hos- 
pitals, and  from  private  practice  the  blood  was  collected  upon 
glazed  paper  and  the  dilution  approximated  1-40.  A  specimen 
collected  at  the  same  time  and  in  the  same  manner  was  forwarded 
to  the  Philadelphia  Board  of  Health  for  examination.  These 
examinations  were  made  by  Dr.  A.  H.  Stewart,  who  had  no 
knowledge  of  the  fact  that  I,  too,  was  testing  the  same  blood. 
Of  the  456  cases,  348  were  regarded  by  the  clinicians  as  typhoid 
fever,  and  in  341  of  these  both  Dr.  Stewart,  at  the  Board  of  Health, 
and  myself  obtained  positive  Widal  reactions.  In  the  seven 
questionable  cases  the  Board  of  Health  had  marked  three  of  them 
as  giving  a  doubtful  reaction,  and  I  had  regarded  five  of  them 
as  giving  feeble  reactions.  Whenever  the  reaction  was  positive, 
the  clinical  course  was  that  of  typhoid  fever.  Such  clinical 
results  show  the  Widal  reaction,  as  practised  by  the  Philadelphia 
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Board  of  Health,  to  be  of  great  importance  in  the  diagnosis  of 
typhoid  fever,  since  of  the  456  cases  examined  but  a  single  speci- 
men was  received  from  any  given  case.  I  am  not  cognizant  of 
such  another  test  of  the  efficiency  of  the  Widal  reaction. 

Absence  of  the  Widal  reaction  in  typhoid  fever  tends  toward 
an  unfavorable  prognosis,  since  in  non- fatal  infection  an  increase 
in  quantity  of  agglutinin  is  to  be  observed  early;  therefore  ag- 
glutination should  probably  be  regarded  as  significant  of  a  suc- 
cessful step  toward  protection  against  the  disease.  The  reaction 
may  vary  within  wide  limitations  from  day  to  day.  The  strength 
of  the  dilution,  the  source  of  the  culture  employed  in  the  test, 
and  the  temperature  at  which  the  bacteria  have  been  grown 
contribute  liberally  toward  variations  in  the  reaction. 

Peculiarities. — Cultures  from  bile-stained  exudates  or  secre- 
tions are  liable  to  display  a  slight  tendency  toward  agglutination, 
and  the  typhoid  bacilli  are  rendered  non-agglutinable  after  expos- 
ure for  two  hours  in  immune  serum  that  has  been  deprived  of  its 
agglutinative  faculty  by  heating  at  75®  C.  A  series  of  experi- 
mental inoculations  upon  animals  is  capable  of  lessening  the  agglu- 
tinative properties  of  their  blood.  Agglutination  may  occur  with 
the  blood  of  infants  bom  of  mothers  infected  with  typhoid  fever; 
and  rarely,  in  high  dilution,  with  the  blood  of  healthy  adults. 

Body  Fluids. — Agglutination  may  take  place  in  connection 
with  such  other  body  fluids  as  the  serum  from  blisters,  pus, 
exudate  from  the  serous  membranes  (pleura,  pericardium,  and 
s>Tiovial  sacs),  but  in  these  it  is  not  constantly  present  in  a  high 
degree.  With  the  urine  of  typhoid  patients  the  reaction  is  usually 
feeble,  may  be  present  from  day  to  day,  or  may  disappear  sud- 
denly to  again  reappear.  Clumping  is  most  likely  to  occur  when 
the  urine  is  employed  in  high  dilution,  and  the  urine  of  non- 
infected  persons  has  been  known  to  agglutinate  typhoid  bacilli. 
Therefore  the  reaction  with  the  urine  is  valueless.  The  stools 
of  typhoid  patients  and  the  milk  of  both  typhoid  patients  and  of 
animals  inoculated  experimentally  with  typhoid  bacilli  possess 
the  power  of  agglutination.  Passing  milk  through  a  porcelain 
filter  deprives  it  of  its  clumping  powers,  as  does  also  a  temperature 
of  120®  C.  The  cerebrospinal  fluid  (in  low  dilution,  i  or  3- 
10),  tears,  seminal  fluid,  bile,  saliva,  and  the  sweat  all  possess 
the  agglutinating  faculty.  Weak  solutions  of  safranin  and  of 
vesuvin  also  agglutinate  typhoid  bacilli. 

Inhibition. — Removal  of  the  salts  from  the  serum  by  dialysis 
prevents  agglutination,  and  partial  extraction  of  salts  inhibits 
it.  It  is  not  thoroughly  understood  in  what  manner  agglutina- 
tion takes  place. 
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There  appears  to  be  some  question  as  to  whether  or  not  the 
colon  bacillus  is  agglutinated.  Sufficient  tangible  evidence  exists, 
however,  to  show  that  colon  bacilli  obtained  from  a  variety  of 
sources  are  agglutinated  when  placed  in  typhoid  serums;  and 
that  the  blood  of  animals  immunized  to  these  bacilli  agglutinate 
typhoid  bacilli.*    For  description  of  Picker's  reaction  see  p.  525. 

Paratyphoid  Fever. — Other  micro-organisms  belonging  to 
the  colon  group,  as  the  Bacillus  mesentericus  and  Bacillus  febris 
gastrica,  have  been  obtained  from  persons  who  appeared  to  be 
suffering  from  atypical  typhoid  fever.  They  resembled  the  so- 
called  paratyphoid  bacillus,  and  were  found  capable  of  reacting 
with  the  blood  of  patients  suffering  from  paratyphoid.f 

The  bacilli  cultivated  from  the  patient's  blood  (venous) 
during  the  course  of  paratyphoid  fever  are  agglutinated  by  the 
blood  of  the  same  individual  when  in  high  dilution  (1-200,  Hume; 
and  i-iooo,  Brion  and  Kayser);  and  by  the  blood  of  other  per- 
sons who  are  suffering  from  a  like  infection.  Such  bloods  do 
not  agglutinate  typhoid  bacilli  even  in  low  dilution.  The  reaction 
induced  by  paratyphoid  blood  resembles  that  described  under 
the  Widal  reaction  for  typhoid  fever.  J 

Dysentery. — The  Bacillus  dysentericus  (Shiga)  reacts  with 
the  blood  of  persons  suffering  from  epidemic  dysentery,  but 
there  do  not  appear  sufficient  convincing  reports  to  enable  one 
to  estimate  its  clinical  value. 

The  work  of  certain  foreign  observers  and  that  of  Flexner, 
of  New  York,  has  placed  this  reaction  upon  a  basis  where  it  bids 
fair  to  contribute  liberally  toward  both  diagnosis  and  therapy 
in  the  disease. 

Plague. — Agglutination  of  the  plague  bacillus  with  the  serum 
of  persons  suffering  from  this  infection  has  proved  of  great  value 
in  diagnosis.  A  difficulty  in  the  reaction  is  that  cultures  of  the 
plague  bacillus  are  liable  to  display  a  mild  degree  of  spontaneous 
agglutination.  The  bacilli  should  be  emulsified  with  a  solution 
of  sodium  chlorid,  and  the  dilution  from  2-1  or  20-1.  Serum 
from  convalescents  loses  its  lysogcnic  action  by  age,  exposure  to 
light,  and  when  heated  at  56°  C.  for  a  few  minutes.  § 

Cholera. — A  rather  decided  reaction  is  to  be  displayed  be- 
tween the  vibrio  of  cholera  and  the  serums  of  infected  persons. 
This  reaction  has  been  observed  with  the  serums  of  persons 
suffering   from   cholitis.     A   positive   reaction   may   be  obtained 

*  Lommel,  "Miinchencr  mod.  Wochcnschr.,"  i<>02,  p.  314. 
t  Brion  and  Kayser,  ibid.,  1002,  p.  611. 
X  "Jour.  Amcr.  Med.  Ass.,"  Aug.,  1002,  pf).  187-217. 
^  Row,  "  Brit.  Med.  Jour.,"  May  q,  1903. 
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with  the  filtrate  of  a  forty-cight-hoiir  culture,  and  agglutination 
is  said  to  take  place  when  the  organisms  agglutinated  display  a 
lessened  virulence.  It  is  also  produced  by  such  chemic  sub- 
stances as  formalin,  safranin,  and  mercuric  chlorid. 

Tuberculosis. — ^Arloing  and  Courmont,  working  with  an 
emulsion  of  a  special  culture  of  tubercle  bacilli  (four  weeks  old), 
introduced  the  culture  into  the  serum  of  tuberculous  persons 
and  animals  in  dilutions  of  1-5,  i-io,  and  1-20.* 

Twenty-four  hours  are  required  for  this  reaction,  and  control 
tubes  are  necessary.  The  reaction  is  present  in  about  90  per 
cent,  of  all  cases  of  tuberculosis;  but  since  it  occurs  with  the 
blood  of  25  per  cent,  of  all  healthy  persons  as  well  as  in  non-tuber- 
culous conditions,  its  clinical  vajuc  is  slight.  Tuberculous  serum 
is  also  capable  of  agglutinating  other  bacteria. 

Malta  Fever. — The  serum  of  persons  suffering  from  Malta 
fever  gives  a  rather  typical  reaction  with  the  Micrococcus  melitensis 
when  in  high  dilution  (1-50  or  greater). 

Glanders. — ^Agglutination  of  the  bacillus  of  glanders  with 
the  serum  of  infected  animals  is  a  fairly  constant  finding.  Charac- 
teristic clumping  is  seen  in  dilutions  of  from  1-800  to  1-400. 

Pneumonia. — Serum  of  persons  suffering  from  pneumonia 
is  capable  of  causing  a  rather  characteristic  reaction  with  a  recent 
culture  of  the  pneumococcus  obtained  from  one  ill  of  pneumonia 
or  from  infected  animals. 

Place  the  serum  in  sterile  tubes  and  introduce  an  equal  quan- 
tity of  a  pure  culture  of  the  pneumococcus.  Incubate  at  37°  C. 
for  sixteen  hours.  The  reaction  consists  in  the  agglutination 
of  the  organisms,  when  they  sink  to  the  bottom  of  the  tube.  Ag- 
glutination becomes  more  marked  with  the  approach  of  the 
crisis  and  the  previously  agglutinated  diplococci  display  a  dis- 
tinct capsule. 

Bacillus  Pyocyaneus. — ^The  serum  of  immune  animals 
is  capable  of  agglutinating  the  Bacillus  pyocyaneus,  dilution 
1-50.  The  serum  of  animals  infected  with  the  Bacillus  proteus  vul- 
garis will  be  found  to  agglutinate  this  organism. 

Fungi. — It  has  been  shown  that  the  blastomycetes  are  ag- 
glutinated by  human  serum  when  in  a  very  high  dilution — 1-5000 
or  more, — but  it  has  not  been  shown  that  the  individual  yeast  cells 
are  destroyed  by  this  process.f 

The  precipitates  induced  by  the  addition  of  immune  serums 
to  a  filtrate  of  bouillon  culture  suggest  a  possible  aid  to  clinical 

*"Compt.  rend,  de  TAcad.  des  Sci.,"  Sept.  19,  1898;  also  "Gazette  des 
H6pitaux,"  1900,  p.  137. 

t  MacFadyean,  "Centralbl.  f.  Bakt.,"  1901,  vol.  xxx,  p.  368. 
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diagno^s.  Typhoid  bacilli  are  rendered  inagglulinable  by  dis- 
solution of  their  capsular  envelops.  Agglutinin  is  the  term  applied 
to  the  substance  or  substances  by  which  agglutination  is  effected, 
but  its  exact  nature  is  not  known. 


SPECIAL  PATHOLOGY  OF  THE  BLOOD. 
PERNiaoUS  ANEMU. 

Among  various  pathologic  alterations  manifest  in  the  blood 
of  this  condition  the  following  occupy  prominent  positions: 

The  oxygen  capacity  of  the  blood  is  commonly  reduced  to 
50  per  cent,  of  the  normal,  or  less.  The  hemoglobin  is  always 
found  to  be  greatly  reduced^ — 40  to  10  [wr  cent. — during  the  pro- 
cess of  blood  destruction  (active  stage),  but  at  the  internals  be- 
tween the  attacks  the  hemoglobin  may  rise  to  50,  65,  or  75  per 
cent.,  and  may  remain  high  for  a  long  period.  The  specific 
gravity  is  low.  Each  individual  er)'throcyte  is  overcharged  with 
hemoglobin  (e.  g.,  1,000,000  red  cells  and  35  per  cent,  of  hemo- 
globin— a  color-index  of  1.75^1,000,000:  5,000,000  ::  35  :.Y,and 
X  =  1-75;  5,000,000  —  the  normal  number  of  red  cells  for  * 
100  per  cent,  of  hemoglobin),  although  a  high  color-index  has 
abo  been  observed  in  leprosy  and  leukemia.  During  the  stage 
of  remission  the  color-index  is  lowered,  and  with  the  approach- 
ing relapse  it  increases  progressively.  Exceptionally,  I  have 
seen  the  color-index  remain  high  throughout  the  stage  of  remis- 
sion, and  according  to  some  observers  it  may  exceed  that  of 
the  active  stage. 

Significance. — A  high  color-index  should  probably  be  re- 
garded of  bad  prognostic  value,  while  a  low  index  and  an  average 
decrease  in  the  diameter  of  the  erythrocytes  to  that  of  the  normal 
are  usually  obsened  during  the  decline  of  the  active  stage,  and 
may  continue  during  the  greater  part  of  the  intermission.  The 
red  cells  increase  rapidly  from  1,000,000  to  2,000,000  {active 
stage)  to  3,000,000  to  4,000,000,  or  more.  The  hemoglobin  may 
beequally  distributed  among  the  cells  (see  Degeneralion,  page 
88);  and  the  microcytes  are  charged  with  hemoglobin  beyond 
their  normal  capacity,  while  the  amount  of  hemoglobin  occu- 
pying the  larger  cells  may  not  be  in  excess  when  taken  in  corre- 
lation with  their  increased  diameters, 

Active  Stage. — Between  50  and  75  per  cent,  of  the  erythro- 
cytes show  diameters  deddedly  above  that  of  the  normal  red  cell. 
The  presence  of  microcytes  often  reduces  the  average  cell-diameter 
to  nearly  that  of  the  normal,  and  there  is  often  a  tendency  for 
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Blood  or  PEiujicions  Aneioa. 

>.     Nonnoblast;    7,   mega  lob  lasts,   one    showng    iwo   nuclei;   3, 
■*'    ">idocyte;   5,   poikilocvtcs;   6,   rupiurcd  tmsinophilcs;   7,   polymorphonui 
'*'*k^"«l(3  isTH-Timen   stained  with  ti'sin    and   hcmalnxvUn       Obj.  Spenc 
t'«^«th  oil-immersion). 
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Blood  of  CHioBosts. 
1,  Normal-uzed  erythrocyte  stained  deeply;  1,  poikilocyle;  3,  crenaled  erythro- 
cyte;  4,  normal  cells  stained  feebly.  Note  basophilic  leuko^te  in  left  half  of 
plate.  All  red  cells  stain  less  deeply  than  do  the  corresponding  cells  in  pernicious 
anemia.  (Specimen  is  stained  with  cosin-hemalo.iylin  and  mcthylcne-blue.  Obj. 
Spencer  one-tweltih  oil-immerston). 
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the  cells  to  become  oval  or  elliptic  in  outline  (Plate  6).  Poikilo- 
cytosis  is  marked,  and  many  of  the  necrobiotic  changes  (polychro- 
'^a-tLophilia,  etc.)  described  on  page  91  are  to  be  found  in  the 
staa.xiecl  specimens. 

nucleated  Red  Cells. — Nucleated  red  cells  are  commonly 
TOui^d.  Megaloblasts  appear  to  bear  more  significance  in  pemi- 
^^^vis  anemia  than  when  found  in  the  anemia  of  intestinal  para- 
^^^^  or  elsewhere.  Normoblasts  and  microblasts  are  common 
lings,  and  I  have  found  the  number  of  nucleated  red  cells 
cubic  millimeter  to  vary  from  2  to  950.  Cabot,  however, 
found  7000  nucleated  erythrocytes  per  cubic  millimeter. 
During  the  active  stage  leukopenia  is  a  common  occurrence. 
^l>e  decrease  in  the  number  of  leukocytes  concerns  mostly  the 
Polymorphonuclear  cells,  and  to  this  reduction  there  is  a  corre- 
sponding increase  in  the  percentage  of  lymphocytes  (30  to  70 
percent.),  yet  an  absolute  lymphocytosis  does  not  exist.  A  mild 
grade  of  eosinophilia  and  from  3  to  9  per  cent,  of  myelocytes  may 
be  seen. 

Remission. — During  the  stage  of  remission  a  moderate 
leukocytosis  may  exist,  such  increase  concerning  the  polymor- 
phonuclear neutrophils,  and  coincident  with  it  the  percentage 
of  lymphocytes  decreases  and  the  myelocytes  disappear.  Rare, 
indeed,  it  is  to  see  cases  of  this  disease  wherein  leukocytosis 
and  splenic  enlargement  with  a  rather  high  percentage  of  myelo- 
cjrtes  are  displayed,  but  their  percentage  does  not  equal  that  of 
leukemia. 

Significance  of  the  Blood  Findings. — 


Fatal  Issue  Early. 

1.  Progressive  anemia;    interval  of  re- 

mission short  or  absent. 

2.  Color-index  high. 

3.  Increase  in  size  of  red  cells,  tendency 

toward  oval  and  elliptic  forms. 

4.  Marked  degenerative  changes  in  the 

erythrocytes. 

5.  Megaloblasts       numerous  —  exceed 

normoblasts. 

6.  Decrease  in  polymorphonuclear  leu- 

kocytes. 

7.  L3miphocytosis  present. 


Protracted  Course. 

1.  Remissions    frequent    and    of    long 

duration. 

2.  Color-index  slightly  increased. 

3.  Red  cells  of  normal  size,  or  many 

cells  under  size. 

4.  Little  degeneration  present. 

5.  Megaloblasts        few.      Normoblasts 

plentiful. 

6.  Percentage     of     polymorphonuclear 

cells  normal. 

7.  Absent. 


CHLOROSIS. 

The  chlorotic  type  of  anemia  is  characterized  by  an  increase 
in  the  volume  of  blood,  decided  fluidity,  pallor  of  the  drop,  a 
tendency  toward  rapid  coagulation,  reduction  in  the  percentage 
of  hemoglobin,  and  a  low  color-index;   e,  g.,  3,500,000  red  cells. 
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40  per  cent,  of  hemoglobin,  and  a  color-index  of  0.57.  The 
red  cells  are  slightly  undersized,  pale,  and  vary  from  3,5cx>,ooo 
to  4,500,000  per  cubic  millimeter  and  rarely  they  fall  to  2,000,000. 
The  stained  blood  is  less  apt  to  show  disseminated  areas  of  pallor, 
polychromatophilia,  and  punctate  basophilia  than  is  the  blood  of 
either  pernicious  anemia  or  of  grave  secondary  anemia  (Plate  6), 
but  poikilocytosis  is  well  marked.  Normoblasts  are  encountered, 
and  the  blood-plates  usually  increased.  Leukocytosis  is  absent 
in  uncomplicated  cases,  while  there  is  apt  to  be  an  absolute  re- 
duction in  the  polymorphonuclear  cells.  Moderate  lympho- 
cytosis (30  to  50  per  cent.)  occurs,  wherein  either  the  large  or 
small  lymphocytes  may  predominate.  Eosinophilia  is  a  rare 
symptom,  and  myelocytes  have  been  observed. 

Hydremia. — ^According  to  the  view  of  Smith,  the  volume 
of  blood  may  be  one-half  or  more  greater  than  that  of  normal, 
and  there  is  an  absolute  increase  in  the  number  of  both  red  and 
white  cells,  but  such  increases  are  masked  by  the  excess  of  plasma. 
Smith  further  believes  that  treatment  decreases  the  plasma,  and 
thus  restores  the  normal  condition.  These  views,  however,  are 
not  universally  accepted. 

Specific  Gravity. — The  specific  gravity  is  in  direct  cor- 
relation to  the  hemoglobin,  and  its  estimation  is  often  of  the 
utmost  clinical  value,  since  it  may  fall  to  1.025  ^^  ^-^35  (^-059  to 
1.060  normal). 

Nucleated  Erythrocytes. — Normoblasts  are  occasionally  de- 
tected in  chlorotic  blood,  and  their  number  increases  with  the 
severity  of  the  condition. 

During  convalescence  the  red  cells  are  increased,  and  later 
the  coloring-matter  and  specific  gravity  return  to  normal.  Sec- 
ondary anemia  without  leukocytosis  may  be  indistinguishable  from 
chlorosis. 


TABLE    DISTINGUISHING    HEMATOLOGIC    FEATURES    BETWEEN 
PERNICIOUS  ANEMIA,  CHLOROSIS,  AND  SECONDARY 

ANEMIA. 

Pernicious  Anemia.                  Chlorosis.  Secondary  Anemia. 

1.  Disproportionate  re-  i.  Decided  reduction  of  i.  Hemoglobin  and  red 
duction  in  the  hemo-  hemoglobin  ;  color-  cells  reduced  propor- 
globin  and  red  cells;  index  low  tionately; color-index 
high  color-index.  about  normal. 

2.  Red  cells  may  fall  to         2.  Usually  3,500,000  to  2.  Rarely  below  2,000,- 

1,000,000   per  cubic               4  500,000.  000. 
millimeter   or   lower 
during     the     active 
stage. 

3.  Leukocytosis  absent;  3.  Absent.  3.  Presence  or  absence 
leukopenia  the  rule.  not  diagnostic. 
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PEiwitsuvi  Anemia. 

Secondaiiv  Aneuia 

4-   Ljm|.tioryf.»i5;p.>ly. 

J.  Lytnphotvtosisipolv- 

4.  I  ntreasc  affects  most- 

nuclnr     »IU      re- 

nuctcar  rlcmrncTci;-- 

ly    the     poly  nuclear 

Joc«J. 

crcascd. 

cells. 

S-  Ahwnt. 

5.  Present  under  crruin 

0.  Mjrlocylcsfcw. 

6.  Enlremf  Iv  rare. 

6.  Occasionally  sern  in 
varvir*  numbers. 

7.  DiamrtrralredirHls 

7.  Diamelcr    iicorr»sni 

7.  Mo^i  celb  of  normal 

or  normal. 

sire. 

dUplk    farms   ewn- 

S,   Erjlhrotytcs      stain 

8.  Stain     fccblv-many 

8.  Appear     nurmal     or 

drtply. 

R3  mere  shadows. 

mriderately  pale. 

y.  Xii[ni»lilHS(&  lew. 

9-  Normoblasts  present; 

in  DDBibcr  the  nor- 

megalnblasts  rare. 

0.  i^xcific  gravily  k>vr. 

10,   Rcduclion  in  pmpoi- 

10.  Reduted    —    follows 

I;un  lo  luiss  of  hcmu- 

luurse       of       tirmo- 

globin. 

gl..bin. 
.1.  Flucltinlc  greatly- 

1.  Not     iMteri.ll)'    al- 

II.  Blood  ■  jilatM          in- 

imd. 

creawd. 

Dijficultirs. — It  is  not  uncommon  to  meet  cases  wherein  one 
is  unable  to  decide  hemaiologically  10  which  of  these  three  types 
of  anemia  the  case  belongs;  and  here  the  diagnosis  is  to  be 
achieved  through  a  comparative  study  of  both  the  general  clinical 
features  and  the  blood  lindings.  Obscure  syphilis,  gastric  car- 
cinoma, intestinal  parasites,  purpura,  malaria,  typhoid  fever, 
and  less  often  mineral  poisons  may  be  found  to  produce  changes 
in  the  blood  which  closely  resemble  those  found  in  pernicious 
anemia.  Except  in  anemia  of  parasitic  origin  megaloblasls  are 
seldom  found. 

LEUKEMIA. 
Leukemia  is  a  disease  characterized  by  hyperlcukocytosis, 
a  proportionate  reduction  in  both  the  hemoglobin  and  the  red 
cells,  the  occurrence  of  nucleaic<l  enthnicytes,  and  the  presence 
of  myelocytes.  Generally  speaking,  leukemia  may  be  divided 
into  two  classes,  myeloid  and  lymphoid.  Myeloid  blixxl  is  found 
whcD  there  exist  h>-pertrophy  of  the  spleen  and  marrow  changes 
with  little  or  no  involvement  of  the  other  lymphatic  tissues. 
Lymphoid  blood  may  be  associated  with  acute  or  chronic  forms  of 
this  disease,  and  occurs  when  some  of  the  lymphatic  glands  are 
enlarged,  though  visible  glandular  eidai^emcnts  may  be  absent,  as 
was  noted  in  ihe  case  from  whom  the  blood  was  obtained  for 
Plate  9.  There  may  be  enlargement  of  the  spleen.  Both  types 
of  the  disease  (mixed  leukemia)  may  exist  in  the  same  indiindual. 
'xukemia  is  one  of  the  few  conditions  wherein  we  are  able  to 
;  a  diagnosis  from  the  hematologic  findings  alone. 


THE    BLOOD. 
MYELOID   LEUKEMIA. 

The  blood  exudes  slowly  from  the  puncture,  is  opaque,  may 
resemble  thin  pus,  and  spreads  upon  slides  with  difficulty.  The 
fibrin  and  the  time  for  toagulalion  are  about  normal. 

Red  Cells. — During  the  early  stage  the  red  cells  are  nearly 
normal  in  number,  but  wilh  the  advance  of  the  disease  ihey  are 
reduced  to  from  3,500,000  to  2,000,000  or  less.  1  have  seen  the 
red  cells  remain  near  the  normal  point  until  late  in  the  disease. 
The  hemoglobin  is  also  reduced,  giving  a  color-index  of  from 
0.5  to  0.6,  Nucleated  red  cells  are  to  be  found  in  great  numbers 
independent  of  the  degree  of  anemia,  varying  as  they  do  from 
5000  to  50,000  or  more  per  cubic  millimeter.  The  majority  of 
these  cells  are  normoblasts,  and  many  show  fragmentation  and 
litosis  of  their  nuclei  (Fig.  47).  Other  changes  in  the  red  cells 
common  to  grave  anemia  are  also  prominent  in  myeloid  blood. 
I  Polychromalophilic  erythroblasis  are  commonly  seen  (Plate  8)  and 


[were  present  in  all  of  16  cases  that  have  come  under  my  obsen-a- 

I  tion. 

White  Cells. — M  first  the  white  cells  may  vary  from  60,000 
to  100,000  [jlt  cubic  millimeter,  bul  later  Ihey  are  found  to  num- 
ber about  400,000  to  500,000,  and  may  reach  1,000,000  per  cubic 
millimeler.  Correlatively  speaking,  the  leukocytes  and  red 
cells  may  be  found  1 :  100,  i ;  50,  or  even  i :  10,  fluctuating  during 
different  hours  of  the  day.  The  fresh  blood  is  found  to  contain 
many  leukocytes,  some  of  which  show  ameboid  movement  (myelo- 
cyte). In  one  instance  (personal  observation)  with  a  leukocyte 
count  of  550,000  per  cubic  millimeter  and  34  per  cent,  of  myelo- 
cytes all  symptoms  were  modified  and  the  leukocyte  count  fell 
within  a  period  of  six  weeks  to  25,000,  myelocytes  disappeared, 
and  the  patient  was  re])oned  by  another  observer  as  cured.  Cabot 
riles  a  similar  instance.  As  a  rule,  however,  during  the  stage  of 
1  the  percentage  of  myelocytes  remains  high. 
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,  Mrdorytcs;  i,  rtHinophilic  myelocyte;  j,  leukocytic  shadows;  4,  poly- 
matophilic  megaloblasl ;  5,  large  roononudcar  leukocyte;  6,  small  lympho- 
cyte; 7,  CQsinophilc;  6,  mrfatoblast;  9,  polymorphonudear  leukocyte;  10,  small 
ooaioaphilH  (stained  with  cosin  and   hematoxylin.     Obj.  B.  and  L.  one-twelfth 
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Myelocytes. — ^The  distinguishing  feature  of  myeloid  blood 
is  the  high  percentage  of  myelocytes  present — 20  to  60  per  cent. 
(Plate  8)  (see  Myelocytes^  page  97).  There  is  an  absolute  increase 
in  the  number  of  ix)lynuclear  cells,  though  their  percentage  upon 
diflFerential  count  is  somewhat  reduced.  They  are  seen  to  vary 
within  wide  limits  as  to  size,  staining  properties,  and  peculiarities 
of  their  nuclei,  which  constitute  an  important  feature  in  leukemic 
blood  (dwarfed  cells,  giant  cells,  cells  containing  coarse  granules). 
Border-line  cells  between  the  myelocyte  and  the  polynuclear 
leukocyte  are  frequently  encountered;  Cabot  prefers  to  classify 
such  cells  as  transitional  neutrophils.  The  lymphocytes  usually 
occupy  from  20  to  30  per  cent,  of  the  total  number  of  leukocytes, 
but  they,  too,  show  an  absolute  increase,  and  the  percentage 
of  large  and  small  forms  varies  greatly  in  different  cases.  Large 
lymphocytes  which  stain  not  unlike  myelocytes  are  often  seen; 
and  cells,  apparently  small  lymphocytes,  display  granules. 

The  eosinophils  show  an  absolute  increase  and  their  percent- 
age may  vary  from  i  to  15  or  more.  In  leukemia  there  are  to  be 
distinguished  polynuclear  eosinophils  of  normal  size,  eosinophib'c 
giant  cells  often  containing  coarse  granules,  dwarfed  eosinophils, 
and  the  eosinophilic  myelocyte  (see  Plate  8).  Eosinophils  at 
times  contain  basophilic  granules. 

Basophils. — Blood  stained  with  thionin  shows  neutrophils  with 
coarse  granules  (Mastzellen).  Such  cells  may  comprise  10  per  cent, 
of  the  leukocytes  (Plate  7).  Charcot-Lcyden  cr)'stals  are  to  be  found 
in  myeloid  blood  and  in  blood  containing  many  eosinophilic  cells. 

LYMPHATIC  LEUKEMIA. 

Lymphoid  blood  is  characterized  by  a  large  percentage  of 
lymphocytes  (70  to  93).  This  form  of  leukemia  is  commonly 
acute,  yet  it  may  run  a  protracted  course.  In  three  cases  that 
have  come  under  my  observation  the  leukocyte  counts  have 
varied  from  30,000  to  450,000  per  cubic  millimeter,  yet  a  higher 
degree  of  leukocytosis  may  be  observed,  and  the  red  cells  vary 
from  3,500,000  to  1,200,000  per  cubic  millimeter.  Nucleated 
red  ceUs  are  less  commonly  met  with  in  this  condition  than  in 
myelogenous  leukemia.  McCrea,  in  the  study  of  11  cases  oc- 
curring in  infants,  did  not  find  nucleated  red  cells  in  the  blood  of 
7  of  them;  but  in  acute  cases  nucleated  red  cells  are  occasionally 
numerous,  and  were  present  in  all  of  my  cases.  Degenerative 
changes  in  the  red  cells  are  fairly  pronounced.  The  ratio  of 
white  to  red  cells  has  been  seen  to  equal  i :  50  or  less.  The  large 
percentage  of  lymphocytes  may  be  composed  either  of  the  small 
forms,  the  large  forms,  or  of  both.     In  one  of  my  cases  there  was 
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such  a  gradation  in  the  cells  as  to  make  it  impossible  to  distin- 
guish between  the  large  and  small  lymphocytes  (Plate  9).  In 
acute  cases  the  large  cells  often  predominate;  such  cells  stain 
faintly  and  show  evidence  of  degeneration,  and  occasionally  stain 
a  pinkish  color.  In  specimens  displaying  mostly  small  lympho- 
cytes these  cells  stain  deeply  (Plate  9). 


CHARACTERISTIC 
Myelogenic  Leukemia. 

1.  Red   cells  moderately 

reduced — 3,000,000. 

2.  Nucleated    red    cells, 

including       megalo- 
blasts,  numerous. 

3.  Leukocytes  150,000  to 

500,000  or  more  per 
cubic  millimeter. 

4.  Myelocytes     30     per 

cent,  or  more. 

5.  Eosinophils   common, 

also        eosinophilic 

myelocytes. 
^.  Neutrophils  commonly 

seen. 
7.  Lymphocytes  —  large 

and    small — 20     to 

30  per  cent. 


DIFFERENCES  IN  LEUKEMIC  BLOOD. 


Chronic  Lyicphatic 
Leukemia. 

1 .  Moderate  reduction-^ 

2,000,000  to  3,000,- 
000. 

2.  Rare. 


3.  100,000  to  300,000. 

4.  Myelocytes  few. 

5.  Eosinophils  few 

6.  Less  common. 


Acute  Lymphatic 
Leukemia. 

1.  More   marked  reduc- 

tion    early     during 
course  of  malady. 

2.  Normoblasts      rather 

common. 

3.  30,000  to  200,000. 


4.  Myelocytes  few. 

5.  Eosinophils       rarely 

found. 


6.  Scanty. 


7.  Small  lymphocytes  70       7.  Lymphocytosis — large 
to  90  per  cent.  forms  predominant. 


PSEUDOLEUKKmA  (Hodgkln's  Dlaease). 

Pseudoleukemia  is  distinguished  from  true  leukemia  through 
hematologic  research  only.  Early  during  the  course  of  this 
disease  the  red  cells  are  practically  normal,  and  with  its  progress 
the  hemoglobin  falls  gradually  (75  to  30  per  cent.),  and  is  soon 
followed  by  a  reduction  of  the  red  cells.  Should  these  changes 
develop  rapidly  they  are  accompanied  by  the  general  features 
of  grave  secondar)*  anemia.  The  leukocytes  may  vary  from 
5000  to  60,000  per  cubic  millimeter,  and  may  increase  to  a  ratio 
of  1 :  50  or  even  i :  80  of  the  red  cells,  the  polynuclear  cells  alone 
being  increased.  In  cases  where  the  leukocyte  count  is  low 
lymphocytosis  is  often  found.  Eosinophilia  is  seldom  seen  and 
these  cells  are  usually  decreased  when  leukocytosis  exists.  Similar 
blood  changes  are  to  be  found  in  glandular  tuberculosis,  maUg- 
nancy,  and  syphilis. 

SPLENIC  ANEMIA. 

A  condition  characterized  by  splenic  enlargement  and  leu- 
kopenia.    The  red  cells  are  usually  between  2,000,000  and  4,000,- 
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r  Lymphatic  Leukemia. 

I,  Small  lymphocytes;  i,  large  lymphcMrytcs;  3,  degcneraled  lymphocytes;  4. 
polymorphtiniiclear  leukocytes;  5,  mcgalabJasI  showing  fTagmcnlalion  at  nucleus 
and  poly chromatoph ilia  of  protoplasm;  6,  nucleated  red  cells  (cnegaloblasls);  7, 
macrocytcs;  8,  poikilocyte;  9,  ciyihrocylcs  of  normal  size;  o,  microcyie  (5tained 
with  eosin  and  hemalosylin.     Obj.  Spencer  one-lwcl[[h  c"  ' 


ACUTE   INFECTIOUS  DISEASES.  1 33 

oc»  per  cubic  millimeter  White  cells  may  fall  to  700;  while  the 
hemoglobin  fluctuates  between  20  and  50  per  cent.  Myelocytes 
and  normoblasts  are  scanty,  and  moderate  lymphocytosis  the  rule. 


ACUTE  INFECTIOUS  DISEASES. 

The  blood  changes  common  to  infectious  fevers,  as  the  re- 
sult of  temj)erature  alone,  have  been  alluded  to  (p.  108). 

Pneumonia. — Coagulation  is  rapid,  except  in  cases  where 
leukopenia  exists.  Variations  in  the  specific  gravity  and  poly- 
cythemia result  from  cyanosis.  In  children  the  specific  gravity 
may  be  high.*  The  toxicity  of  the  blood  is  increased,  and  after 
the  crisis  both  hemoglobin  and  red  cells  are  reduced.  Normoblasts 
and  megaloblasts  may  be  found. 

Leukocytosis  develops  with  the  onset  and  persists,  declining 
with  the  approach  of  the  true  crisis.  The  polymorphonuclear 
leukocytes  are  both  absolutely  and  relatively  increased  (90  per 
cent.),  and  the  lymphocytes  are  reduced,  as  are  also  the  eosino- 
phils, before  the  crisis;  but  later  they  are  increased.  Myelocytes 
and  transitional  neutrophils  are  common.  The  blood-plates 
are  increased  following  the  crisis.  When  leukocytosis  continues 
after  the  crisis,  resolution  is  retarded,  and  such  complications 
as  empyema,  abscess,  and  gangrene  cause  a  further  increase. 
Children  show  high  leukocyte  counts. 

Significance. — Slight  leukocytosis — mild  infection.  High  leu- 
kocytosis— moderate  or  severe  infection.  Absence  of  leuko- 
cytosis— severe  infection.  In  16  fatal  cases  Rosenowf  found  the 
leukcKytes  to  average  12,000;  while  40  cases  of  recovery  gave  an 
average  of  20,000. 

Typhoid  Fever. — During  the  course  of  this  disease  the  blood 
findings  may  vary  greatly,  dependent  upon  the  existence  of  pro- 
fuse diarrhea,  constipation,  pyrexia,  hemorrhage,  peritonitis^ 
pneumonia,  etc.  (see  Bacteriology  0}  the  Blood  and  Widal  Reaction), 
Blood-plates  and  fibrin  are  commonly  reduced — a  great  reduc- 
tion being  of  rather  bad  prognosis.  Leukocytosis  is  not  a  feature 
of  tv^jhoid  fever,  the  average  being  about  5000  per  cubic  milli- 
meter, and  leukopenia  at  times  progresses  with  the  advancing  stages 
of  the  disease.  Leukocytosis  may  or  may  not  follow  hemorrhage 
from  the  bowels,  and  i§  liable  to  develop  with  complications,  as 
well  as  when  the  ulceration  of  the  bowel  is  sufficiently  deep  to 
produce  local  peritonitis.  Thayer  gives  the  following  table  show- 
ing the  percentage  of  leukocytes  found  by  clitTerential  counts: 

♦  Monti  and  Berggrund,  '*  Arch.  f.  Kindcrhcilk.,"  vol.  xvii. 
t"Jour.  Amer.  Med.  Assoc.,"  March  18,  1905,  p.  872. 
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Counts. 


First       week  of  fever ,  12 

Second      "  "      •*      S9 

Third        "  "      "      j  34 

Fourth      "  "      "      I  19 

Fifth         "  "      "      !  8 

Sixth      "  "    "    ;  4 

First     week  apyrexia '  12 

Second      "           "         ...J  7 

Third        "           "         ....;  6 


I      EOSINO- 


POLYMOa-    I 

PHONU-     I      Small  Large 

'      CLEAR      I      Mono-     i      Mono-     ,      puiLs 

'     NeUTRO-     I     NUCLEAR.    '     NUCLEAR,    i    i>__   r-^-w* 

i   PHILS.   !  Per  Cent.  Per  Cent.  |  *^"  '^*''^* 
'.  Per  Cent.  1         !         1 


74 

13    . 

12 

i   °1 

71    ' 

14 

13 

:   0.8 

66 

21 

II 

'   0.3 

65 

20 

14 

,   0.4 

62 

18 

19 

03 

58 

22 

13 

1   6.0 

61 

21 

15 

i   ^•'' 

49 

31 

17 

:   2-3 

57 

IS 

23 

'   3-5 

1 

Osier*  cites  a  case  wherein  the  leukocytes  were  5500  before 
intestinal  perforation,  and  rose  to  11,500  within  fifteen  minutes 
following  this  accident;  but  about  three  and  one-half  hours  later 
they  w^ere  found  to  be  7500,  and  six  hours  after  perforation  they 
numbered  7700.  I  have  been  unable  to  find  definite  records 
wherein  the  leukocytes  were  counted  just  preceding  intestinal 
perforation  and  at  regular  intervals  after  its  occurrence.  In  the 
cases  I  have  studied  and  in  a  number  reviewed  in  the  literature  a 
gradual  progressive  increase  in  the  number  of  leukocytes  often 
followed  perforation ;  but  a  fact  to  be  borne  in  mind  is  that  perfora- 
tion may  have  taken  place  some  hours  before  the  initial  counts 
were  made,  and  for  this  reason  particularly  I  hesitate  to  accept 
without  question  the  view  that  leukocytosis  is  found  during  the 
first  six  hours  following  intestinal  perforation. 

The  leukocytes  are  influenced  by  treatment,  as  hypodermo- 
clysis,  cold  baths,  drugs,  etc.  (page  loi).  The  eosinophils  are 
decreased  or  absent  during  the  febrile  period,  and  degeneration  of 
the  leukocytes,  leukocytic  shadows,  and  leukocytes  showing 
granules  of  glycogen  are  to  be  seen. 

During  the  febrile  period  a  progressive  diminution  in  both 
the  number  and  percentage  of  the  polynuclear  cells  occurs,  with 
a  corresponding  increase  in  the  lymphocytes  and  large  mono- 
nuclear elements.  Eosinophils  are  diminished  or  absent,  but 
increase  as  convalescence  is  established.  The  percentage  of 
polymorphonuclear  cells  may  remain  stationary'  w^here  complica- 
tions and  leukocytosis  are  present.  Generally  speaking,  the  specific 
gravity,  hemoglobin,  and  red  cells  show  the  changes  common  to 
secondary  anemia.  Among  the  favorable  signs  Nagaeli  places 
a  decided  decrease  in  all  forms  of  leukocytes  and  the  absence 

♦"Trans.  Phila.  Co.  Med.  Soc.,"  Feb.,  1901. 
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of  leukocytosis  during  the  existence  of  complications.  Bac- 
teremia may  develop.  No  clinical  importance  is  attached 
to  the  recover)'  of  typhoid  bacilli  from  the  rose  spots,  since  they 
may  be  cultivated  from  the  skin  and  perspiration. 

Diphtheria. — ^The  red  cells  remain  normal  or  above  normal, 
except  during  convalescence,  when  they  show  moderate  reduc- 
tion. A  slight  reduction  follows  the  administration  of  antitoxin. 
The  hemoglobin  is  but  slightly  reduced — 5  to  10  per  cent. 
Billings*  found  the  diminution  less  marked  in  cases  treated  with 
antitoxin.  Anemia  and  bacteremia  may,  however,  develop  (see 
Bacteriology  of  the  Blood). 

Leukocytosis, — Leukocytosis  is  an  early  feature  in  diphtheria 
and  is,  as  a  rule,  in  proportion  to  the  severity  of  the  disease, 
15,000  to  30,000  per  cubic  millimeter.  It  may  reach  its  height 
the  second  day  (severe  type)  or  not  until  the  sixth  day,  while 
malignant  cases  often  show  progressive  leukocytosis  or  leukocy- 
tosis may  be  wanting.  Other  throat  disorders  with  equally 
marked  symptoms  show,  as  a  rule,  a  higher  leukocyte  count  than 
does  diphtheria.  The  polynuclear  neutrophil  cells  are  increased 
and  a  relative  or,  at  times,  actual  lymphocytosis  may  be  found. 
Eosinophils  are  decreased  or  normal.  Myelocytes  are  present, 
and  should  they  exceed  3  per  cent.,  are  of  grave  prognostic  moment. 
"Leukocytic  shadows"  are  common  findings,  and  Ewing  demon- 
strated an  increased  acidophile  tendency  of  the  neutrophil  granules. 

Scarlet  Fever. — The  red  cells  are  moderately  reduced  (3,000,- 
000  to  4,000,000  per  cubic  millimeter)  during  convalescence,  and 
hemoglobinemia  has  been  observed.  There  is  some  distortion 
of  the  red  cells,  and  normoblasts  are  occasionally  seen.  Bac- 
teremia may  ensue  (see  Bacteriology  oj  the  Blood), 

White  Cells, — Leukocytosis  is  to  be  observed  early  (15,000 
to  30,000  per  cubic  millimeter),  and  even  before  the  appearance 
of  the  eruption,  falling  with  the  decline  of  temi)erature;  but  rarely 
it  persists  for  days  or  weeks  after  the  temi)erature  is  normal. 
Over  40,000  leukocytes  is  of  bad  prognostic  omen.  The  poly- 
mor{)honuclear  cells  are  increased  (80  to  90  per  cent.),  early 
returning  to  the  normal  in  favorable  cases. 

Cltaracteristic  Feature, — Eosinophilia  is  present  (5  per  cent.) 
in  all  except  malignant  cases,  and  persists  during  convalescence 
until  the  sixth  week,  when  it  may  reach  from  10  to  20  per  cent. 
Eosinophilia  is  of  serious  prognostic  value  in  scarlatinal  nephritis 
(Neusser),  and  when  absent  in  scarlet  fever  myelocytes  are  to 
be  found. 

♦  **  Johns  Hopkins  Hosp.  Bui.,'*  i8<;4,  p.  105. 
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Measles. — The  fibrin  is  increased  when  decided  inflammation 
of  the  mucous  surfaces  is  present.  The  red  cells  are  practically 
normal;  and  leukopenia  may  be  encountered  during  the  eruptive 
stage.  Both  the  lymphocytes  and  large  mononuclear  cells  are 
increased  during  convalescence.  The  eosinophils  are  normal  or 
diminished  during  the  febrile  stage.  Cabot  found  6000  and  8000 
leukocytes  per  cubic  millimeter  in  two  cases  of  German  measles. 
Weber*  recovered  a  protozoon  from  the  blood  of  measles. 


DISTINGUISHING    HEMATOLOGIC    FEATURES    OF    DIPHTHERIA, 

SCARLET  FEVER,  AND  MEASLES 


3- 


Diphtheria. 

Leukocytes,  25,000  to 
30,000  and  in  severe 
and  fatal  cases  these 
cells  mav  number 
50,000  per  cubic 
millimeter. 

A  relative  lymphocy- 
tosis common ;  the 
|)oly  nuclear  cells 
are  moderatelv  in- 
creased. 

Eosinophils  of  normal 
ratio,  decreased,  or 
absent. 


4.  Myelocytes    present,   i 

to  4  per  cent. 

5.  Leukocvtic       shadows 


Scarlet  Fever. 

I.  Leukocytes,  15,000  to 
30,000  or  40,000  at 
the  onset  and  before 
the  appearance  of 
the  eruption. 

2.  Polynuclear    cells    85 

to  Q5  per  cent.; 
lymphocytes  normal 
or  subnormal. 

3.  Eosinophils  increased 

after  second  or  third 
day;  10  to  15  per 
cent,  by  the  second 
week;  return  to  nor- 
mal the  sixth  week. 

4.  Myelocytes      unusual 
findings. 

^.   Rare. 


Measles. 

I.  Leukocytes      absent; 
leukopenia  the  rule. 


2.  Lymphocytes         and 

large  mononuclears 
are  increased  during 
convalescence. 

3.  Eosinophils       dimin- 

ished the  rule. 


4.  Al)sent. 

5.  Rare  or  absent. 


common. 


Small-pox. — During  the  febrile  stage  of  small-pox  poly- 
cythemia may  prevail,  and  later,  during  convalescence,  a  mild 
grade  of  chlorotic  anemia  develop.  According  to  Pick*s  pains- 
taking research  cases  of  small-pox  with  moderate  eruption  showed 
the  leukocytes  to  be  normal  or  subnormal  in  number.  Leukocy- 
tosis develops  as  a  result  of  suppuration,  and  may  oscillate  be- 
tween 12,000  and  20,000  or  more  per  cubic  millimeter,  increasing 
relatively  with  the  advancing  suppuration.  In  one  instance  I 
found  30,000  leukocytes  per  cubic  millimeter  six  weeks  after 
convalescence  had  been  established.  Pneumonia  as  a  com- 
plication is  coupled  with  a  reduction  in  the  number  of  leuko- 
cvtes.  Ameboid  bodies  have  been  detected  in  the  blood-cells  of 
small-pox,  measles,  and  scarlet  fever,  and  have  been  regarded  by 
Weber  and  Dochle  and  bv  a  number  of  other  observers  as  devel- 
opmental  stages  of  a  protozoon.     See  Exudates,  pp.  492  and  499. 

*Centralbl.  f.  Hakl.."  vol.  xxi.  No.  6. 
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Vaccinia. — Sobotka  (quoted  by  Ewing)  found  the  red  cells  and 
hemoglobin  to  be  normal  after  vaccination.  Leukocytosis  develops 
on  the  third  or  fourth  day  following  inoculation;  after  which  a 
daily  fall  to  the  seventh  or  eighth  day  ensues,  resulting  in  leuko- 
penia (height  of  fever).  From  the  tenth  to  the  twelfth  day  sec- 
ondary leukocytosis  develops.  In  Sobotka's  obser\'ations  the 
primary  leukocytosis  ranged  between  12,000  and  23,000  cells 
per  cubic  millimeter,  and  the  secondary  leukocytosis  from  10,000 
to  17,500. 

Suppuration  {Septicemia^  Pyemia,  Purulent  Cystitis,  Osteo- 
myelitis, Abscesses,  etc). — In  conjunction  with  suppurative 
processes  wherein  the  products  of  suppuration  are  not  firmly 
encapsulated  within  the  human  organism  leukocytosis  develops 
in  direct  correlation  with  the  degree  of  infection;  such  increase 
affecting,  for  the  most  part,  the  polymorphonuclear  cells.  Leuko- 
cytosis, therefore,  together  with  other  clinical  findings  may  be 
invaluable;  but  its  absence  does  not  exclude  the  existence  of 
suppuration.  Acute  inflammatory  processes  also  induce  leuko- 
cytosis; while  suppuration  of  mucous  surfaces  may  excite  but 
slight  leukocytosis. 

Both  the  hemoglobin  and  the  red  cells  are  reduced  in  keep- 
ing with  the  degree  of  suppuration;  but  the  hemoglobin  is  more 
sensitive  than  the  red  cells  and  its  loss  greater  (color-index  low). 
The  erythrocytes  present  the  changes  common  to  secondary 
anemia. 

Absence  oj  Leukocytosis. — Asthenic  cases  of  septicemia  may 
not  show  leukocytosis  and,  in  fact,  may  display  leukopenia. 

Chemistry. — The  hemoglobin  at  times  appears  to  enter  into 
solution  with  the  plasma  (hemoglobinemia)  when  there  has  been 
great  blood  destruction.  There  may  also  be  a  tendency  toward 
crystallization  of  the  hemoglobin,  which  is  detcctt^l  in  the  fresh 
blood  by  cr>'stals  forming  about  the  margin  of  the  cover-glass. 
The  specific  gravity  is  commonly  reduced,  and  the  albumins  are 
lowered  in  proportion  to  the  severity  of  the  infection.  Glycogen 
is  a  rare  finding.     (For  bacteriologic  findings  see  page  113.) 

Appendicitis. — In  this  disease  there  appear  to  be  no  hemato- 
logic findings  that  are  of  great  clinical  value.  A  purely  catarrhal 
appendicitis  is  probably  seldom  placarded  by  leukocytosis: 
while  the  majority  of  severe  cases  show  leukocytosis  ranging 
from  12,000  to  25,000  cells  per  cubic  millimeter  between  the  second 
and  fourth  days.  Leukocytosis  may  be  wanting  in  instances  where 
suppuration  exists,  or  vice  vers&.  Judging  from  the  literature 
(including  researches  of  Cabot  and  of  Dcaver  and  Da  Costa)  and 
from  my  own  observations  upon  a  rather  large  series  of  cases,  the 
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hematologic  findings  furnish  but  little  aid  in  the  diagnosis  of 
appendicitis. 

Erysipelas. — During  the  course  of  erysipelas  leukocytosis 
is  an  almost  constant  symptom,  and  in  many  instances  is  directly 
proportionate  with  the  type  and  extension  of  the  infection.  In 
fifteen  cases  examined  at  the  Philadelphia  Hospital  the  leuko- 
cytes numbered  from  10,000  to  23,000  per  cubic  millimeter  upon 
the  patient's  admission.  The  polynuclear  cells  are  apt  to  be 
influenced  mostly,  and  the  eosinophils  are  likely  to  be  diminished 
or  absent.  Bacteriologic  study  of  the  blood  has  proved  of  no 
clinical  value. 

Acute  Rhetunatism. — In  this  disease  the  red  cells  are  liable  to 
moderate  reduction  while  the  hemoglobin  suffers  a  greater  loss,  fall- 
ing to  55  to  75  per  cent.,  and  during  convalescence  the  return 
of  the  red  cells  to  the  normal  precedes  that  of  the  hemoglobin. 

Leukocytosis, — A  leukocyte  count  of  from  10,000  to  15,000 
cells  per  cubic  millimeter  represents  an  average  case,  but  there 
are  recorded  instances  wherein  high-grade  leukocytosis  existed 
in  connection  with  such  complications  as  pericarditis,  endocarditis, 
and  pneumonia.  The  proportional  relation  of  the  various  leuko- 
cytes is  rather  well  maintained  in  uncomplicated  cases;  the  eosino- 
phils, however,  are  absent  at  the  onset,  present  during  the  dis- 
ease, and  increased  in  convalescence. 

Whooping-cough. — Whooping-cough  serves  as  the  only  ex- 
ample of  an  afebrile  disease  affecting  the  respiratory  tract  wherein 
decided  leukocytosis  is  a  constant  symptom.  The  degree  of  leuko- 
cytosis is  influenced  by  the  age  of  the  child,  and  is  found  to  range 
from  20,000  to  40,000  cells  per  cubic  millimeter  in  uncomplicated 
cases  during  the  active  stage;  the  lymphocytes  may  range  be- 
tween 35  and  55  per  cent.;  the  polynuclear  cells  are  relatively 
decreased;  and  eosinophils  normal  or  diminished.  The  hemo- 
globin and  red  cells  bear  no  direct  relation  to  the  degree  of  leuko- 
cytosis. 

Tonsillitis  and  Serous  Effusions. — Tonsillitis  shows  a 
leukocytosis  of  from  10,000  to  20,000  per  cubic  millimeter,  as 
do  also  effusions  into  the  serous  membranes  during  the  febrile 
stage;  and  such  effusions  when  they  have  become  purulent  show 
a  comparative  increase  in  the  number  of  leukocytes.  Purulent 
peritonitis  may  exist  without  leukocytosis,  and  when  the  exudate 
ceases  to  be  poured  out,  leukocytosis  is  liable  to  disappear.  Effu- 
sions excited  by  the  tubercle  bacillus  are  infrequently  accompanied 
by  leukocytosis. 

Influenza. — The  most  peculiar  feature  of  this  disease  is 
that  it  is  of  bacterial  origin,  ushered  in  with  a  chill,  and  does  nvl 
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show  leukocytosis.  On  the  contrar)',  uncomplicated  cases  are 
liable  to  display  leukopenia;  but  when  complications  arise, 
leukocytosis  may  be  encountered.  There  are  no  constant  changes 
to  be  obser\'ed  in  either  the  red  cells  or  the  hemoglobin.  I  was 
unable  to  recover  Pfeiffer's  bacillus  from  the  venous  blood  examined 
at  various  stages  of  the  disease  (see  Bacteriology  oj  the  Blood  and 
Serum-diagnosis,  pages  113,  ii 6). 

Bubonic  Plague. — It  is  conceded  by  all  obser\-ers  that  leuko- 
cytosis is  present  both  during  the  active  stage  of  this  disease  and 
throughout  convalescence,  varj'ing  from  20,000  to  50,000  or  more. 
Of  these,  the  poljuuclear  cells  are  mostly  concerned,  and  next 
in  order  are  the  lymphocytes.  The  eosinophils  are  normal  or 
decreased  (see  Serum-diagnosis  and  Bacteriology  of  the  Blood, 
pages  114,  124). 

Malta  Fever. — In  addition  to  the  agglutinative  properties 
of  the  serum  in  this  disease  (see  Serum-diagnosis ,  page  125) 
Musser  and  Sailer*  have  found  the  red  cells  to  be  normal  in 
number,  the  leukocytes  slightly  increased,  and  the  hemoglobin 
reduced  to  60  per  cent. 

Yellow  Fever. — In  this  condition  the  globulicidal  properties 
of  the  serum  are  increased,  the  red  cells  approximately  normal, 
while  the  hemoglobin  suffers  severe  destruction,  falling  to  from 
75  to  50  per  cent.  Leukocytosis  may  be  present;  eosinophilic 
cells  are  normal  or  reduced;  and  myelocytes  rarely  found.  Ewing 
refers  to  two  cases  showing  hemoglobinemia. 

Gonorrhea. — Uncomplicated  cases  of  gonorrheal  urethritis 
exert  slight  influence,  if  any,  upon  the  red  cells  or  the  hemoglobin, 
but  in  the  presence  of  complications  these  may  be  affected.  Leu- 
kocytosis is  likewise  produced  by  complications  and  may  obtain 
in  uncomplicated  cases.  Extension  of  the  inflammatory  process 
to  the  deep  urethra,  epididymis,  etc.,  may  induce  a  high  per- 
centage of  eosinophils.  Occasionally  the  gonococcus  invades 
the  circulation  (see  Bacteriology  oj  the  Blood,  page  114). 

Actinomycosis. — The  pulmonar>'  form  of  this  disease  may 
show  20,000  or  more  leukocytes  per  cubic  millimeter,  as  exempli- 
fied by  E wing's  case.f  A  chlorotic  form  of  anemia  has  been 
observed  by  Bierfreund. 

Anthrax  and  Glanders. — Bacteremia  rarely  develops  during 
the  course  of  anthrax  (see  Bacteriology  0} the  Blood,  page  iii),  and  I 
have  been  unable  to  discover  from  the  literature  any  data  as  to 
the  condition  of  the  red  cells,  hemoglobin,  and  leukocytes  in  this 

♦"Phila.  Med.  Jour.,"  1898  p.  1408. 
t"Clin.  Path,  of  the  Blood,"  first  ed.,  p.  291. 
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disease.  Cabot  has  found  leukocytosis — ii,6oo  to  13,600 — ^in  a 
case  of  glanders. 

Leprosy. — During  the  various  stages  of  leprosy  polycythemia 
may  be  found,  and  is'usually  ascribable  to  local  stasis  (cyanosis). 
Winiarski,  in  the  study  of  17  cases,  found  the  red  celk  above  6,oco,- 
000  per  cubic  millimeter.  He  also  found  2,300,000  and  1,900,000 
cells  in  two  well-advanced  cases.  The  hemoglobin  ranged  be- 
tween 80  and  118  per  cent,  in  all  but  the  two  cases  showing  a 
low  number  of  red  cells.  The  leukocytes  were  normal  or  sub- 
normal in  number^  and  the  lymphocytes  increased,  maximum 
of  47  per  cent.;  but  lymphocytosis  did  not  exist  in  connection 
with  suppuration.     Brown  obtained  similar  results  in  16  cases. 

In  a  case  studied  at  the  Medico- Chirurgical  Hospital,  through 
the  courtesy  of  Dr.  J.  V.  Shoemaker,  I  found  the  hemoglobin 
65  per  cent.,  red  cells  3,460,000,  while  cells  6800,  per  cubic  milli- 
meter. The  erythrocytes  were  deficient  in  color,  staining  feebly 
as  a  rule,  though  many  of  the  smaller  cells  stained  deeply.  De- 
cided variability  in  size  and  form  of  the  red  cells  existeid,  among 
which  macrocytes  were  predominant. 

Nucleated  Red  Cells, — While  counting  200  leukocytes,  40 
nucleated  red  cells  were  found,  and  of  these  30  were  normoblasts 
and  10  megaloblasts ;  many  of  the  latter  variety  showed  well- 
marked  polychromatophilic  properties.  A  differential  leukocyte 
count  gave  polymorphonuclears  60.2,  transitionak  13.9,  eosino- 
phils 8.7,  small  lymphocytes  4.3,  large  lymphocytes  9.5,  large 
mononuclears  3.4  per  cent.  Leukocytosis  was  not  present  in  the 
cases  examined  by  Brown  or  those  examined  by  Winiarski. 

Bacilli. — Lepra  bacilli  were  detected  in  the  circulating  blood 
in  my  case*  (see  Bacteriology  oj  the  Blood,  page  112). 

Takosis. — A  contagious  disease  of  goats  which  is  excited  by 
a  diplococcus  (Micrococcus  caprinus)  which  invades  the  tissues 
and  is  found  in  the  blood  during  the  various  stages  of  the  disease. 
J.  R.  Mohler  and  H.  J.  Washburn  f  describe  the  blood  findings 
in  this  condition.  Smears  made  from  the  peripheral  blood  may 
show^  the  diplococcus,  w^hich  is  always  detected  in  the  plasma 
and  never  situated  within  the  blood-cells.  Cultures  obtained 
from  the  peripheral  and  venous  circulations  antemortem  and  from 
the  heart's  blood  and  the  viscera  at  postmortem  will  be  founfl  to 
develop  the  Micrococcus  caprinus.  Persons  who  skin  animals 
dead  of  takosis  become  infected  and  develop  initial  blebs  and  ab- 
scesses. The  Micrococcus  caprinus  is  found  in  the  exudates  from 
these  lesions. 

♦"Proc.   Phila.   Co.   Mtnl.   Sex.,"  Jan.,    iQO,v 

t" Bureau  of  Animal  Industry  Bui.,"  1903,  No.  45. 
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The  number  of  erythrocytes  are  increased  from  one  to  two 
millions  per  cubic  millimeter  (9,000,000  to  10,000,000  normal  for 
the  sheep) ;  and  the  leukocytes  are  increased  from  9000  to  10,000 
(normal)  to  18,000  to  20,000,  which  increase  affects  the  polymor- 
phonuclear and  eosinophilic  celb. 

Hemocytolysis. — In  this  condition  the  isotonic  tension  of 
the  plasma  may  be  reduced  below  that  of  the  red  cells,  when 
the  hemoglobin  is  liable  to  be  extracted  from  the  erythrocytes 
and  dissolved  in  the  plasma,  leaving  a  mere  shadow  of  a  once 
deeply  colored  red  cell.  Again,  without  appreciable  diminution 
in  the  isotonic  tension  of  the  plasma,  the  erythrocj-tes  undergo 
disintegration  and  are  broken  into  fragments.  The  injection  of 
a  large  quantity  of  normal  salt  solution  into  the  circulation  may 
excite  the  former  condition,  while  virulent  blood  poisons  produce 
the  latter.  The  two  conditions,  however,  often  go  hand-in-hand, 
and  are  to  be  seen  in  diverse  degrees  in  various  types  of  anemia. 
Among  the  special  conditions  wherein  the  blood-cells  suffer  such 
rapid  and  extensive  destruction  should  be  mentioned  high  tem- 
perature, poisoning  by  guaiacol,  nitroglycerin,  amyl  nitrite,  nitro- 
benzol,  fumes  of  arseniureted  hydrogen,  snake  venom,  and  the 
ingestion  of  toad-stools.  All  these  conditions  tend  not  only 
toward  the  destruction  of  the  red  celk,  but  likewise  to  the  pro- 
duction of  hemoglobinemia  (see  Hetnoglobinemia,  page  42)  and, 
as  a  consequence,  hemoglobinuria.  Potassium  chlorate,  chromic 
acid,  antifebrin,pyrogallic  acid,  and  CO,  when  administered  in  toxic 
quantities,  are  capable  of  effecting  essential  destructive  changes 
in  the  hemoglobin,  and  similar  changes  are  also  seen  following 
severe  malarial  intoxication.  As  a  rule,  when  the  above  changes 
occur  in  the  blood,  the  red  cells  are  decidedly  lessened,  but  because 
of  the  fact  that  the  hemoglobin,  though  extracted  from  the  red  cells, 
is  retained  in  the  serum,  this  percentage  of  hemoglobin  may  not 
be  greatly  reduced,  yet  a  decided  impoverishment,  as  a  rule, 
soon  follows.  Cases  have  been  recorded,  however,  wherein  the 
hemoglobin  suffered  decided  reduction.  The  coagulability  of 
the  blood  may  be  increased,  and  the  alkalinity  moderately  lowered. 
The  reports  of  clinical  obser\'ations  available  for  criticism  are 
too  scanty  to  warrant  deductions. 

Purpura  Hsemorrhagica. — This  condition  is  doubtless  not 
infrequently  of  bacteriologic  origin  (see  Bacteriology  oj  the  Blood , 
page  114),  yet  many  cases  are  recorded  wherein  no  evidence  of  bac- 
teremia existed,  which  separates  the  disease  into  two  classes.  Pur- 
pura developing  during  the  course  of  an  infectious  disease  shows 
but  slight  reduction  in  the  red  cells;  but  in  more  severe  cases 
absolute    diminution    mav    ensue.     Microcvtes    are    numerous, 
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nucleated  red  cells  occur,  and  the  color-index  is  low.  Poly- 
chromatophilia,  leukocytosis,  and  eosinophilia  are  of  less  common 
occurrence.  Ewing  noted  56,000  leukocytes  per  cubic  millimeter. 
Coagulation  is  feeble,  and  many  writers  refer  to  a  reduction  in 
the  blood-plates.  Other  competent  observ^ers,  however,  have 
not  been  able  to  confirm  this  finding. 

The  non-infectious  type  may  hematologically  resemble  perni- 
cious anemia,  the  differential  feature  being  that  in  purpura 
haemorrhagica  there  is  an  absence  of  megaloblasts;  normoblasts 
are  scanty,  and  microcytes  numerous.  Leukocytosis  does  not 
occur  in  this  form  of  purpura;  but  the  lymphocytes  occupy  from 
75  to  90  per  cent,  of  the  total  number  of  leukocytes.  The  red 
cells  fall  rapidly  to  2,000,000,  1,000,000,  or  less  per  cubic  milli- 
meter. The  majority  of  the  er}'throcytes  are  undersized,  oval,  and 
in  the  latter  respect  resemble  those  in  pernicious  anemia. 

Scurvy. — The  morphologic  changes  displayed  by  the  blood  of 
scurv-y  are  similar  to  those  observed  in  ordinary  anemia  following 
hemorrhage.  The  red  cells  fall  to  3,000,000  or  less,  and  fragments  of 
disintegrated  cells  are  to  be  seen.  The  hemoglobin  indexis  reduced. 
Leukocytosis  has  been  observed  by  a  number  of  investigators, 
while  many  have  been  unable  to  detect  leukocytes  beyond  the 
normal  maximum  limit. 

Hemophilia. — In  hemophilia  decreased  coagulation  of  the 
blood  has  been  observed,  and  was  found  to  be  the  only  hemato- 
logic change  conspicuous  in  a  case  studied  through  the  courtesy 
of  Dr.  Ernest  Laplace  at  the  Medico-Chirurgical  Hospital. 
After  the  administration  of  adrenalin  chlorid  coagulation  was 
found  to  be  more  rapid.  The  fibrin  is  about  normal  in  amount. 
Further  blood  changes  are  usually  the  result  of  hemorrhage, 
and  to  arrive  at  any  definite  conclusions  the  blood  of  hemophilia 
must  needs  be  studied  when  the  bleeder  is  apparently  in  perfect 
health  (see  Blood-plates,  page  100). 

Addison's  Disease. — In  Addison's  disease  the  red  cells  are 
commonly  diminished  to  from  2,000,000  to  3,000,000  per  cubic 
millimeter.  Microcytosis  is  conspicuous;  the  leukocytes  are  nor- 
mal or  subnormal,  and  of  these,  eosinophils  occupy  the  high  nor- 
mal percentage. 

Myxedema. — Myxedema  when  uncomplicated  and  not  sub- 
jected to  treatment  displays  a  secondary  chlorotic  anemia,  with  a 
mild  grade  of  leukocytosis.  The  hemoglobin  registers  60  to  70  per 
cent,  or  less,  and  the  red  cells  are  found  to  be  greatly  reduced.  The 
administration  of  thyroid  extract  may  be  followed  by  appreciable 
improvement  in  the  hematologic  tissue,  which  may  result  even 
in  polycythemia. 
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PARASmC  DISEASES  AFFECTING  THE  BLOOD. 

UNONARIA  DUODENALE  (ANKYLOSTOHA  DUODENALE). 

Infection  with  this  parasite  usually  results  in  a  'profound 
anemia,  which  is  characterized  by  a  low  percentage  of  hemo- 
globin and  low  color-index;  red  cells  1,000,000  or  less  in  severe 
cases,  and  poikilocytosis  well  marked.  Normoblasts  are  fre- 
quently encoimtered,  and  in  extreme  instances  megaloblasts 
are  not  imcommon  findings.  In  uncomplicated  cases  the  leuko- 
cytes are  normal,  and  eosinophilia  commonly  pronounced,  though 
by  no  means  a  constant  feature  of  the  blood  of  uncinariasis.  The 
blood  changes  are  set  forth  by  Surgeon  Bailey  K.  Ashford,  pages 

144,  145- 

The  corpuscles  of  patients  suffering  from  ankylostomiasis  are 

easily  agglutinable.     The  serum  of  persons  thus  infected  is  more 

actively  hemolytic  for  the  blood  of  rabbits  than  is  normal  blood; 

but  is  not  hemolytic  for  either  healthy  or  pathologic  bloods  of 

man.     Serum  from  persons  infected  with  the  uncinaria  is  highly 

toxic  for  rabbits,   inducing  hemoglobinuria  and  often   causing 

death   (Romanis).* 

STRONGYLOIDES  INTESTINALIS. 

Strongyloides  intestinalis  is  not  infrequently  associated  with 
the  ankylostoma.  Ewing  cites  Teissier  as  having  reported  the 
discover}'  of  numerous  embryos  of  the  anguillula  in  the  blood  of 
intermittent  fever.  Moderate  eosinophilia — 10  to  13  per  cent. — 
has  been  observed.     (See  p.  419.) 

ASCARIS  LUMBRICOIDES,  OXYURIS  VERMICULARIS, 
TRICHOCEPHALUS  DISPAR. 

These  parasites  are  capable  of  producing  a  severe  grade  of 
secondary  anemia.  The  trichocephalus  is  associated  with  ankylos- 
tomiasis, and  its  ova  have  been  present  in  the  feces  in  all  cases 
of  ankylostomiasis  studied  by  the  author.  Fatal  anemia  may 
follow  infection  with  any  of  these  parasites,  when  the  red  cells 
may  number  below  2,000,000  and  the  hemoglobin  40  per  cent, 
or  less.  Leukocytosis  is  seldom  observed,  but  eosinophilia  is  a 
common  finding  in  cases  of  Ascaris  lumbricoides.  I  have  re- 
peatedly found  the  eosinophils  between  10  and  18  per  cent,  in 
children  infected  with  the  oxyuris,  but  it  was  impossible  to  say 
definitely  that  this  eosinophilia  resuhcd  from  this  parasite  alone, 
since  these  children  were  always  of  lowered  vitality,  anemic,  and, 
being  hospital  cases,  blood  examinations  after  the  institution  of 
treatment  were  not  feasible. 

*"Gazzetta  Degli  Ospedali  e  Delle  Cliniche,"  Nov.  27,  1904. 
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TRICHINOSIS. 
Infection  with  the  Trichina  spiralis  usually  causes  cosinophilia 
{15  to  50  per  cent.)  to  develop  with  the  onset  of  the  symptoms, 
and  to  continue  for  weeks  and  months  after  the  acute  manifesta- 
tions have  subsided.  There  a])pear  to  be  but  few  records  wherein 
the  blood  of  trichinosis  has  been  studied   for   cosinophilia  after 


the  [latient  liad  su]>pose<Uy  recovered.  In  one  case  observed  the 
cosinnphils  were  at  a  high  normal  limit  one  year  after  the  onset 
of  the  disease.  Increase  of  the  eosinophils  is  accompanied  by 
a  reduction  in  llie  m-ulrophil  rdls,  and  vice  versa. 

Leukocytosis  is  not  an  uncommon  symptom,  yet  by  no  means 
is  it  a  constant  one.     Brown   found  the  leukoc)1es  to  number 


FILARIASIS. 


M7 


35,700  in  one  inslance.  In  my  own  case  ihey  never  numbered 
above  7500.  The  hemoglobin  may  fall  from  75  to  50  per  cent., 
and  the  red  cells  at  the  onset  number  4,000,000  or  more;  but 
when  the  infection  is  severe,  the  erythrocytes  are  markedly  reduced 
from  the  sixth  to  the  tenth  week  of  the  disease.  Trichinosis 
cannot  be  diagnosed  upon  the  blood  findings  alone,  and  all  im- 
portance is  attached  to  the  detection  of  the  embryos  in  the  muscle 
ti^ues  (see  Trichinosis,  page  422). 


SCmSTOSOHA  {DISTOHA,  BILHAKZIA)  H^MATOBnM. 

The  adult  parasites  (Fig.  48,  3)  inhabit  the  veins  of  ihL'  portal 
system,  where  they  are  to  be  found  in  great  numbers.  Their 
ova  seldom  enter  the  general  circulation,  however,  but  are  to  be 
found  in  the  veins  of  the  rectum  and  of  the  bladder.  Ulceration 
of  the  mucous  surfaces  ensues  when  the  ova  {Fig.  48  and  Plate 
19  A)  escape  and  arc  found  entangled  in  the  blood-clots  of  the 
urine  or  of  the  feces  (see  Parasitic  Hematuria,  page  295).  Anemia 
may  follow  hemorrhage  from  the  bladder,  which  is  apt  to  be 
persistent,  continuing  for  a  period  of  several  years.  Early  after 
infection  eosinophilia  has  been  detected. 


A  severe  secondary'  anemia  may  result  from  infection  with 
any  one  of  these  parasites.  The  bothriocephalus  is  claimed 
by  foreign  authors  to  e.mte  an  anemia  resembling  closely,  if 
not  identical  with,  pernicious  anemia.  In  the  study  of  a  number 
of  persons  infected  with  the  beef  tape-worm  I  have  always  found 
a  rather  high-grade  secondary  anemia.  In  three  of  these  cases 
normoblasts  were  found. 


FILARIASIS. 


NThe  Filaria  sanguinis  hominis  {Fig.  49)  is  a  nematode  worm 
Hch  inhabits  the  deeper  blood-vessels  or  lymphatics,  and  usually 
uischarges  its  embryos  into  the  circulating  blood,  yet  by  no  means 
are  embrj-os  found  in  the  blood  in  all  cases  of  filarial  infection. 
According  to  Manson's  classification,  the  embryos  are  most  numer- 
ous in  the  blood  at  certain  periods,  and  he  has  named  the  different 
organisms,  wilh  reference  to  their  perifxlicity:  Filaria  diurtta, 
which  occupies  the  deeper  vessels  during  the  night  and  invades 
the  circulation  during  the  day;  Filaria  nociuma,  which  courses 
through  the  peripheral  circulation  at  night;   and  the  Filaria  per- 
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slans  and  Demarquait,  which  art  present  in  the  circulation  both 
by  day  and  by  night. 

Method  of  Detection  and  Staining.— Special  Technic  for 
the  Study  of  the  Filaria  (see  page  74)- — In  smearing  blood 
upon  slides  or  cover-glasses  il  is  well  that  fihns  be  made  rather 
dense  in  order  to  include  several  organisms  upon  a  single  slide. 
Fix  the  blood  by  heat,  stain  one-half  minute  with  a  2  per  cent, 
solution  of  eosin  in  70  per  cent,  alcohol,  and  counlcrslain  with 
a  2  per  cent,  solution  of  methylene-blue  for  from  one-half  lo  two 
minutes^the  opierculum  will  display  a  light-pink  tinge,  while 
the  inclosed  parasite  stains  blue.     The  filaria  is  readily  detected 


n^*  49-— Flterla  singuinl 


in  the  stained  si>ecimen  even  by  the  inexperienced  eye,  and  to 
those  not  familiar  with  the  parasite  this  method  of  research  is 
commendable  In  searching  for  the  living  cmbrj'os  in  the  fresh 
specimen  of  blood  a  two-thirds  objective  should  be  employed, 
under  which  ihcy  appear  as  minute  wriggling  serpents.  After 
the  parasite  is  located  with  a  low-power  objective  it  may  be 
studied  in  detail  through  a  one-sixth  or  a  one-eighth  objective- 
Clinical  Significance. — The  filaria  is  an  etiologic  factor  in 
parasitic  eiephanliasis  and  in  chyluria.  The  Filaria  perstans 
has  been  found  repeatedly  in  the  blood  of  persons  suffering  from 
sleeping  sickness,  but  no  alliance  has  been  proved  to  exist  between 
filariasis  and  sleeping  sickness  (spinal  trypanosomiasis,  page  151)- 


DRACUN'CULUS  UEDINENSIS. 


DRACUNCULUS  MEDINENSIS  (GUmEA-TORR). 

Dracontiasis,  or  guincii-worm  dist-ase,  like  filariasis,  is  a  tropic 

affccuon  caust.-d  by  iJie  Dracunculus  imtiincnsis;  l\w  adult  parasite 

inhabiting  the  human  connective  tissue,  and  belonp;ing  to  the  class 

of   nematodcii  (Fig.  50,  B).     Its  habitat  is  the  WLstcm  coast  of 


Africa,  India,  Brazil,  and  Arabia.  Acconling  lo  sHilistics,  a  single 
authentic  American  case  has  lK.-tn  reponctl  by  Kdwanl  Francis  * 
though  there  a[)pear  rwords  of  two  additional  casfs.  The  adult 
fcmaJo  worm  is  cylindric,  about  26  inrhi-s  in  luni^lh,  and  onf-lcnih 
of  an  inch  in  diamclcr,  of  a  milky  color,  snuK.ih  surfaces,  with 
•  "  Amcr.  Mfd.,"  (Jn.  2(1,  [iioi,  11.  651. 
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a  tapering  tail  that  is  abruptly  bent  near  its  tip.  The  head  is 
provided  with  a  triangular  mouth  surrounded  by  six  papilla;. 
The  uterus  extends  neariy  from  the  head  to  the  tail,  and  is  filled 
with  embryos.  R.  H.  Charles  discovered  a  worm  in  the  mesen- 
tery of  a  cadaver,  and  regarded  it  as  the  male  of  the  Dracunculus 
medinensis.  The  exact  methcxl  of  infection  with  this  parasite  re- 
mains m(x>t,  though  the  cyclops,  a  small  crustacean,  probably 
ser\'es  as  an  intermediate  host. 

The  Embryo. — ^The  embryo  is  nearly  one-half  of  an  inch 

in  length, — 5  to  75  mm. 
by  0.015  to  0.025  mm. 
(Manson)  (Figs.  50,  51), 
— its  head  tapers  slightly, 
and  the  tail  is  long  and 
sharply  pointed.  The  ali- 
mentar}'  canal  is  readily 
distinguishable.  The  im- 
pregnated female  makes 
her  way  through  the  intra- 
cellular connective  tissue 
for  the  period  of  from 
nine  to  twelve  months, 
and  when  fully  matured, 
she  burrows  her  way  to- 
ward the  legs  and  prob- 
ably to  the  feet,  and  now 
appears  near  the  surface 
of  the  body  and  emerges 
from  the  derma.  The 
uterus  ruptures  and  the 
embryos  are  discharged  in 
a  whitish  fluid.  Symp- 
toms of  the  guinea-worm 
do  not  develop  until  the 
parasite  is  fully  matured,  when  the  initial  feature  is  the  appear- 
ance of  a  vesicle  or  abscess  at  the  site  where  it  emerges  through 
the  skin.  This  may  be  preceded  for  a  few  days  by  localized  swell- 
ing, a  feeling  of  tension,  sensitiveness,  and  redness,  and  in  many 
instances  the  worm  may  be  felt  beneath  the  skin.  Developing 
from  the  abscess  is  an  ulcer  which  is  more  or  less  extensive,  and 
from  which  the  head  of  the  adult  parasite  may  protrude. 

Detection. — The  milky  discharge  collected  from  the  ulcer, 
when  placed  upon  a  slide  and  studied  microscopically,  will  be 
found  to  contain  a  number  of  embrj^os  (Fig.   51);    and  when 


^'iR- 5'' — Kinbrvo  Diartmciilus  nu'diiiensis  (y>;uinea- 
worm),  hij;;hly  nia>;"ifi*-*<i  (after  Francis). 


TR^TANOSOMIASIS.  I5I 

BprcaH  upon  a  slide,  fixed  by  heat,  and  stained  with  carbol-lhionin, 
ihcy  may  be  mounted  in  Canada  balsam.  Should  Ihc  embno 
be  mounted  in  Canada  balsam  without  staining  it  will  be  imjxts- 
sible  to  detect  the  parasite  (Francis). 

TRYPANOSOMIASIS. 


The  tr>1Janosoma  is  a  flagellated  hcmalozoon  wiiich  has  been 
found  in  the  blood  of  man  along  the  Gambia  River,  in  Algiers, 
and  a  case,  the  fourth,  in  which  the  parasite  was  detected  is  re- 
ported by  Dr.  Le  Moal  as  having  occurred  in  the  French  Congo.* 
It  is  not  unlikely  that  the  commissions  authorized  by  the 
various  European  governments  for  the  investigation  of  malaria 
in  South  .\frican  colonies  and  tropic  districts  will  furnish  valu- 
able data  regarding  the  frcfiuency  of  the  tr^-panosonia  in  man. 
Mansonf  has  outlined  the  chnical  pictures  of  two  cases  of  tr}'pano- 
somiasis,  and  in  view  of  his  descriptions  it  seems  fair  to  believe 
that  the  disease  is  more  common  than  would  appear  on  first  con- 
sideration. The  parasite  is  lo  be  found  in  the  blood  from  the 
peripheral  circulation  during  the  febrile  stage  of  the  disease,  but 
during  the  afebrile  period  it  is  seldom  encountered,  though  they 
become  numerous  at  each  successive  recurring  pyrexia.  From 
one  lo  six  parasites  may  be  counted  in  a  three-fourths  of  an  inch 
blood-film  prepared  during  the  febrile  stage.  Thus  far  no  re- 
lation has  been  found  to  exist  between  the  degree  of  temperature 
and  the  number  of  parasites  present  in  the  blood. 

The  Parasite. — In  size,  the  Trvpanosoma  hominis  varies  from 
iS  to  26  II  in  length,  and  from  2  lo  2.5  //  in  breadth.  In  the  pe- 
ripheral blood  are  to  be  seen  large,  roundish  bodies  14  to  16  11  in 
diameter,  showing  one  or  more  vacuoles  which  are  usually  regarded 
as  being  a  developmental  stage  of  the  parasite  (Fig.  52).  The 
structure  and  habit  of  the  Trjpanosoma  hominis  resemble  the 
lr>"panosomes  common  to  the  blood  of  the  lower  animals,  among 
which  may  be  given  rats,  rabbits,  cats,  dogs,  mice,  bats,  monkeys, 
horses,  mules,  cattle,  camels,  elephants,  buffaloes,  and  sheep. 
Trypanosoma  gambiense  (Dutton)  is  a  minute,  colorless,  trans- 
lucent, active  vermicule,  tapering  toward  its  extremities,  the  an- 
terior of  which  is  provided  with  a  long  flagellum — a  continuation 
of  an  undulating  membrane  attached  for  marly  the  entire  length 
of  one  side  of   the  body— which  is  of   alveolar  structure  iFigs. 


•"Le  Cailuc*e,"D«. : 


t  "Tropical  Diseases,"  third  ed.,  p.  178. 
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5^)  53)-  That  portion  of  the  parasite  whicli  may  be  regarded 
as  the  body  often  shows  indistinct  minute  granules  and  "very 
generally  a  rcfringent  speck,  a  centrosome,  near  the  posterior 
end."  The  trypanosoma  is  found  free  in  the  plasma  and  has  not 
been  seen  within  the  corpuscle.  E,  J.  Moore,*  while  making 
daily  examinations  of  the  blood  of  infected  persons — natives  of 
West  Africa — believes  that  certain  peg-shaped  bodies  seen  in  the 
red  cells  represent  the  intracorpuscular  parasite.  These  comma- 
shaped  refractile  bodies  are  also  seen  in  the  plasma.  Manson 
has  observed  parasites  displa>'ing  evidence  of  longitudinal  division. 
For  demonstration  of  this  parasite  in  laboratory  work  the  blood 
of  rats  will  be  found  to  serve  adequately  this  purpose,  since  they 


are  usually  infected  with  a  form  of  trj'panosoma.  Inoculation  of 
susceptible  animals  with  the  blood  of  infected  rats  is  capable  of 
producing  the  disease. 

The  technic  for  the  recognition  of  the  Trypanosoma  hominis 
differs  in  no  way  from  that  given  for  the  detection  of  the  malarial 
parasite  in  the  fresh  blood  (page  igy).  It  is  seen  best  with  an 
oil-immersion  objective,  and  is  indistinguishable  unless  magnified 
300  diameters  or  more.  F.  G.  Novoy  has  cultivated  the  Irj'pan- 
osoma  of  rats  on  a  medium  composed  of  rabbit's  blood-serum 
and  agar.  Growth  occurs  in  the  condensation  liquid,  but  not 
upon  the  surface  of  the  medium. f 
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Staining. — The  Trypanosoma  hominis  is  stained  by  the  ordi- 
nary anilin  dyes.  I  prefer  the  following  method:  Smear  the 
blood  rather  thinly  and  fix  by  heat,  when  stain  for  from  one- 
hall  lo  one  minute  with  solution  of  1  per  cent,  eosin  in  70  per 
cent,  alcohol,  wash  in  water,  and  stain  for  fifteen  seconds  with  a 
3  per  cent,  aqueous  solution  of  methylene-blue,  wash  in  water, 
and  again  stain  for  Jive  seconds  with   eosin,  wash,  and  mount 

Sleeping  Sickness.— Aldo  Castellani  detected  the  trypanosoma 
in  I  he  cerebrospinal 
fluid  obtained  by  lum- 
bar puncture  from  a 
case  of  sleeping  sick- 
ness in  iSga,  and  has 
since  found  this  para- 
site in  the  cerebro- 
spinal fluid  of  34  addi- 
tional cases,*  and  in 
the  blood  in  one  in- 
stance (see  Filaria 
Persians,  page  148). 

Bruce  obtained 
spinal  fluid  by  lumbar 
puncture  from  38  cases 
of  sleeping  sickness 
and  detected  the  trj- 
panosoma  in  the  fluid 
from  every  case.  The  parasite  was  also  found  in  the  blood  of 
12  out  of  30  cases  thus  studied.  Chalterjeef  found  a  trypan- 
osome  in  the  probcscis  of  a  mosquito. 

Animals.^Musgrave  and  Williams  estimate  the  loss  by  death 
of  horses  in  the  Philippine  Islands  from  "surra"  (tr^'panosoma 
infection)  at  $2,000,000  a  yeanj  The  symptomatology  of  animals 
has  suggested  to  me  that  possibly  certain  cases  of  the  so-callai 
" non- parasitic  elephantiasis"  were  in  reality  trypanosomiasis. 


'■s«ff.-; 
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ZOOLOGIC  AFFINrriES. 
Entering  upon  a  study  of  the  malarial  micro-organism  {hema- 
tozoon  of  Laveran)  it  appears  warrantable  first  to  direct  the 
student's  attention  to  the  zoologic  afTmities  of  this  animal  para- 
site, and  to  the  resemblances  known  to  exist  between  this  and  other 
allied  blood  parasites. 
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Zoologically,  the  hematozoon  of  Laveran  belongs  to  the  class 
of  sporozoa  and  is  somewhat  closely  allied  to  the  coccidia  (Plate  24, 
page  388).  On  account  of  certain  peculiarities  common  to  the 
malarial  parasite  and  to  other  parasites  of  the  lower  animals  it 
has  been  classed  with  these  parasites  in  the  special  orders,  which 
have  been  appropriately  named  hemameba,  hemamebida,  hcmo- 
sporidia,  etc.  The  malarial  parasite  resembles  the  coccidia  in 
that  a  portion  of  its  life  is  spent  within  the  body-cell  of  the  host, 
selecting  especially  the  red  blood-corpuscle  for  this  portion  of  its 
life-cycle. 

Up  to  the  present  time  the  malarial  parasite  is  not  known  to 
affect  other  vertebrates  than  man;  but  parasites  closely  allied 
to  the  malarial  micro-organism  invade  the  blood-corpuscles  of 
vertebrates — viz.,  dog,  bat,  monkey,  horse,  birds,  and  cattle. 
Little  is  known  regarding  these  parasites  except  of  the  Pirosoma 
bigeminum  (Fig.  55),  the  cause  of  Texas  fever  in  cattle,  which 
has  been  extensively  studied  by  Theobold  Smith,  of  America. 

The  animal  parasites  invading  the  blood  plasma  and  the 
corpuscles  of  birds  and  reptiles,  such  as  halteridium,  proteosoma, 
and  drepanidium,  have  of  recent  years  received  careful  study. 
The  vast  amount  of  light  thrown  upon  the  true  life-cycle  of  the 
malarial  parasite  through  the  comparative  study  of  the  parasites 
of  other  vertebrates  is  evidenced  by  the  fact  that  MacCallum 
discovered  the  method  of  sexual  fertilization  of  the  malarial 
organisms  while  studying  the  blood  of  birds  infected  with  the 
halteridium  (Fig.  54).  According  to  Laveran,  these  animal  para- 
sites (haemocytozoa)  were  arranged  under  three  subclasses. 

I.  HEMAMEBA. — A  genus  characterized  by  the  development  of 
pigment  and  by  an  asexual  (endogenous)  and  a  sexual  (exogenous) 
life-cycle  (Fig.  66).  The  sexual  or  exogenous  cycle  is  completed 
through  the  agency  of  the  mosquito.  This  genus  includes  the 
malarial  parasite. 


Names.  Hosts. 

H.  subtertiana  I  TThe    malarial    parasites    of    man,    the    sexual 

H.  tertiana        V -j      phase    beinp:    evolved    in    mosquitos    of  the 

H.  quartana      )  (     genus  anopheles. 

H.  (Proteosoma)  relicta Birds;  sexual  phase  in  mosquitos  of  the  genus 

culex. 
H.  (Halteridium)  Danilewskyi  ..Birds;  sexual  phase  probably  the  mosquito. 
H.  Kochi Several  species  of  monkey;  sexual  phase  not 

determined. 
H.  melaniphera Bat    (Miniopterus    Schreibersii);  sexual  phase 

not  determined. 
H.  Metchnikovi Trionyx  indicus;  sexual  phase  not  determined. 

2.  PiROPLASMA. — The  spccies  of  this  genus  are  devoid  of 
pigment  and  have  an  asexual  (endogenous)  reproduction,  prob- 
ably effected  by  binary  division,  and  a  sexual  phase  of  develop- 


I 
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PiROPLASUA   HOHINIS. 

1,  Smnll  form  of  the  paraailc  found  in  one  field;  a,  Ihe  same,  another  field; 
3,  showing  parasite  with  renlral  stained  spot  surrounded  by  a  vacuole.  (Figs. 
I  -3  stained  with  Wright's  slain,  followed  by  Liiffler's  blue.     X  750.) 

4  s.  Small  form  o[  the  parasite  (X  665);  6,  large  form  (X  665);  7  and  fi, 
single  form  of  the  parasite  (X  jouo);  g,  double  form  of  the  parasite  (  X  looa);  lo, 
one  field  showing  two  infested  corpuscles  (  X  665) ;  1 1,  one  field  showinE  a  corpuscle 
whh  a  large  and  small  parasite  ( X  1000)  {Figa.  4-1 1  from  fresh  blood)  (AndcrBoo). 
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ment  which  takes  place  in  various  species  of  tick.  In  human 
piroplasmosis  the  parasites  are  found  in  the  peripheral  blood, 
in  that  from  the  viscera,  bone  marrow,  and  the  exudate  from 
skin  and  intestinal  ulcers.  In  the  red  cells  they  are  usually 
situated  near  the  periphery'.  They  are  oval,  bacillary,  or  pear- 
shaped,  and  measure  about  one  n  in  diameter.  Organisms  arc 
not  numerous  in  the  capillary  circulation  (Plate  10). 

Names.  Hosts. 

P.  bigeminum Bovincs;  transmiUed  by  the  cattle-tick  (Boophilusbovis). 

P.  canis Dugs. 

P.  ovis Sheep. 

P.  equi Horse. 

P.  hominis Man. 

T>  k  ^;.,:^    c^  ..«♦«;«)  Transmitted  by  the  tick  (Dermacentor  rcticulatus). — 
Jr.  nommis  oi  mountain  \      -kt  ^         c        a  \  *  i  e  r^L 

,     .♦  J  r  r      Not  confirmed  by  more  recent  reseanhes  of  Chas. 

spotted  fever j      ^Vardell  Stiles. 

3.  HiEMQGREGARiNA. — The  species  of  this  genus  infest  the 
blood  of  cold-blooded  vertebrates,  viz.,  frogs,  lizards,  snakes,  etc. 
They  may  assume  the  form  of  vermicules,  and  may  be  found 
either  within  the  red  corpuscle  or  free,  swimming  in  the  plasma 
(Fig.  56).     The  life-cycle  of  this  genus  is  unknown. 


Names.  Hosts. 

H.  (Drepanidium)  ranarum  \ 

H.  splendens  \ Frog  (Rana  esculenta). 

H.  magna  j 

H.  lacertarum Lizard  (Lacerta  muralis). 


4.  Proteosoma  and  Halteridium. — These  pigmented  para- 
sites are  known  to  invade  the  blood-corpuscles  of  birds.  The 
student  should  compare  figure  54  with  plate  11  in  order  to  appre- 
ciate fully  the  resemblance  between  these  micro-organisms  and 
that  of  malaria.  Both  these  bird  parasites  have  an  asexual  (en- 
dogenous) cycle  of  development.  The  proteosoma  has  its  sexual 
development  in  the  mosquito  (culex),  and  the  halteridium  is 
doubtless  transmitted  in  some  allied  manner. 

The  study  of  these  parasites  is  readily  accomplished  by  study- 
ing the  blood  of  sparrows;  the  halteridium  is  common  in  the 
blood  of  doves,  pigeons,  and  crows.  Cleanse  the  inferior  surface 
of  the  bird's  toe,  make  a  puncture  near  the  tip,  and  continue  the 
study  as  for  malarial  parasites  (page  157). 

5.  Pirosoma  Bigeminum. — ^This  animal  parasite  is  con- 
cerned in  the  production  of  Texas  cattle  fever,  a  disease  most 
destructive  to  the  lives  of  the  bovine  family  in  the  southern  United 
States,  Europe,  South  Africa,  and  Australia.  The  Pirosoma 
bigeminum  (Fig.  55)  is  devoid  of  pigment  and  is  to  be  found  in 
the  red  blood-cell.  Two  parasites  may  occupy  a  corpuscle. 
It  remained  for  Theobold  Smith  to  discover  that  the  pirosoma  was 
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transmitted  from  one  vertebrate  host  to  another  by  the  cattle- 
tick  (Boophilus  bovis).     In  feeding  upon  the  blood  of  infected 


bcniilv  thy  iim-fr.'iis  ul  n  luiimhrli: ;  6,  llnKellati.-  Ion 
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bcniili:  Ihv  iiiirlr.'iis  ul  n  luiiiUM-k' ;  6,  llnireilati.-  (urm  ;  7.  timccHscil  Ecrlilizailnii;  B,  Aist  stage 
In  fiTmatiiiti  ul  nuHilr  r<inn  :  9,  lully  duelouKl  mulik-  /urm  or  vertniculus ;  10, fully  dn-eloped 
mnlilv  [<<rm  in  pruc(;<!i  uf  dbintcsniliuu  (liom  urlcliial  illntaistions  by  W.  G,  MacCslluni. 


catUe  llic  lick  lakes  in  the  parasite  and  in  some  unknown  manner 
infects  her  ova.  Young  ticks  hatched  from  this  infected  mother 
tick's  eggs  infect  healthy  cattle  through  ihcir  bites,  a  circumstance 
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somewhat  analogous  to  the  transmission  of  malaria  by  the  bite  of 
the  mosquito. 

6.  Drepanidium. — ^This  is  a  non-pigmented  blood   parasite 
of  frogs  (Fig.  56),  which  is  found  both  as  an  endocorpuscular, 


FiR'  55- — PirosoRia  higemiiium  in  bovine  blucxl  (after  Celli). 

t 

non-motile  body  and  also  free  in  the  plasma.     The  free  parasite 
may  display  movement. 

THE  MALARIAL  PARASITE. 

Method  of  Examination. — Collect  the  blood  as  described 
on  page  33  from  the  tip  of  the  finger  or  the  lobe  of  the  ear.  The 
drop  should  not  be  too  large,  and  this  can  be  estimated  only  by 
suflBcicnt  practice  to  enable  one  to  place  beneath  the  cover-glass 


O. 


i/ 
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I*"'K-  56.— Drepanidium   ranarum :  i,  Parasite  ^^ilhin  the   red  cell;  2.  3,  extracellular  motile 

(forms  after  (.'ellij. 


just  enough  blood  so  that  when  spread  between  the  cover-glass 
and  slide  a  film  of  such  thickness  results  as  to  hold  the  cells  in 
close  proximity,  not  touching,  and  equally  disseminated  through- 
out the  field.  The  malarial  parasite,  a  small  hematozoon  situ- 
ated within  the  red  corpuscle,  may  be  hyaline,  granular,  or  pig- 
mented, and  its  contour  is  circular,  oval,  or  irregular.  After 
it  has  destroyed  the  hemoglobin  of  the  red  cell  the  parasite  be- 
comes swollen,  pale,  and  granules  of  pigment  displaying  Brown- 
ian  movement  are  seen  within  its  body,  which  at  times  occupies 
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nearly  the  entire  red  cell.    The  various  forms  of  malarial  hemato- 
zoa  are  best  shown  by  the  accompanying  illustrations  (Plates 

11-13)-, 

Staining  of  the  malarial  parasite  is  not  essentially  different 

from  that  of  staining  ordinaiy  blood  smears.    The  films  are 

spread  in  the  same  manner,  dried  in  the  air,  and  later  may  be 

fixed  in  any  of  the  methods  described  for  fixation  of  the  blood 

(page   74).    Futcher  recommends  immersing  the  dried  films  in 

a  0.25  per  cent,  solution  of  formalin  in  95  per  cent,  alcohol  for 

one  minute,  after  which  rinse  in  water.    However  the  fixing  may 

be  accomplished,  the  malarial  parasite  is  well  stained  by  a  car- 

bolated  solution  of  thionin,  and  by  this  solution  it  appears  as 

a  conspicuous,  reddish-violet  body. 

Carbol-thionin. — Carbol- thionin  is  prepared  as  follows:  Satu- 
rated solution  of  thionin  in  50  per  cent,  alcohol,  10  ex.;  aqueous 
solution  of  phenol  (1-40),  100  c.c;  when  mixed,  keep  in  a  colored 
botde.  This  stain  is  of  special  service  in  the  staining  of  ring- 
shaped  bodies  found  in  estivo-autumnal  fever,  and  which  do  not 
stain  well  with  eosin  and  methylene-blue.  Jenner's  stain  is  also 
invaluable  for  the  detection  of  the  malarial  parasite  (see  Jennet^ s 
Stain,  page  78). 

Eosin  and  Methylene-blue. — Eosin  and  methylene-blue  will 
also  be  found  capable  of  staining  blood  and  malarial  parasites 
in  a  manner  which  will  render  the  latter  conspicuous.  Plehn 
suggested  the  following  stain,  which  has  been  rather  generally 
employed : 

Concentrated  aqueous  solution  methylene-blue  ..60  c.c. 
Solution  of  eosin  in  75  per  cent,  alcohol  (0.5  per 

cent.  I 20     " 

Distilled  water 40    " 

Aqueous  solution  of  sodium  hydrate  (20  per  cent.)  .12  drops. 

After  mixing,  the  films  are  stained  for  five  to  six  minutes, 
washed  in  water,  dried,  and  mounted.  By  Plehn's  method  the 
red  corpuscles  are  stained  pink  (eosin),  while  all  nuclei  and  the 
malarial  parasites  stain  blue. 

Wright's  Method. — At  the  suggestion  of  Dr.  Thayer,  of  Johns 
Hopkins  University,  the  late  Dr.  Jesse  W.  Lazear,  in  study- 
ing the  structure  of  the  malarial  parasite  when  stained  according 
to  Nocht's  method,  gives  the  accompanying  illustrations  (Plate 
13).  Wright's  method  is  but  a  practical  adaptation  of  the  method 
of  Nocht ;  and  while  there  are  several  apparently  wide  differences 
in  the  technic  of  these  methods,  they  have  been  found  to  give 
similar  results. 

Reference  to  Wright's  method  of  staining  (page  78)  and  to 


Description  of  Plate  ioa. 

Zygotes  of  Bird  Malaria  and  Human  Malaria :  Figs.  1-3,  zygotes  of  bird  malaria 
(proteosoma,  Labbc*)  about  two  or  three  days  old,  developing  in  middle  intestine 
(stomach)  of  mosquito  (Culcx).  The  specimen  of  infected  mosquito  was  obtained 
by  Dr.  Ronald  Ross  in  Calcutta,  india,  July  12,  1898,  and  through  courtesy  was 
loaned  to  Dr.  Albert  Woldert,  who  made  the  drawings.  The  three  figures  are  from 
the  s;\me  specimen  and  represent  different  degrees  of  magnification.  Fig.  i,  middle 
intestine  (stomach)  of  mos(juito,  showing  zygotes  lo//  in  diameter  (No.  3  oc.  No.  3 
lens)  (l^itz).  Fig  2,  same  as  Fig.  1,  showing  ten  zygotes  of  proteosoma  about  lo  u 
in  size  in  one  field,  j^^  ^'^  immer.  lens,  No.  3  oc.  (Leitz).  Fig.  3,  the  zygotes  Nos. 
1-3  shown  in  PMg.  2,  greatly  magnified,  and  diagrammatic,  showing  yellowish  hyaline 
capsule  ani  yellowish  hyaline,  oval-shaped  masses  (fatty  granules .'*)  and  vacuoles. 
Protoplasm  has  a  reticulated  appearance  and  contains  reddish  pigment  granules. 

Figs.  4-8,  zygotes  of  humnn  malaria,  four  days  old,  developing  in  middle  intes- 
tine (stomach)  of  mosquito  (.Anopheles  (uia<lrimaculata  or  claviger).  obtaine<l  by  I)r. 
Albert  Woldert,  Nov.  5,  1900  (second  sncccssful  result  in  America).  Figs.  4-8  are 
from  the  same  specimen  an<i  represent  different  degroes  of  magnification  of  zyg(»tes 
derived  from  eslivo  autumnal  parasite  (case  (»f  eslivivaulumnal  fever  occurring  at  the 
lVnn^ylvania  Hospital,  service  of  the  late  Dr.  F.  A.  Packard). 
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\ilate  X3,  with  a  careful  study  of  its  accompanying  key,  will  be 
found   lo  direct  even  the  inexperienced. 

ttyaline    Bodies. — Hyaline    or  non-pigmcnted    intracellular 
bodies  represent  ihe  earlier  stages  in  the  development  of  the  mala- 
rial Parasite,  and  are  lobe  found  in  ihe  blood  of  all  forms  of  malarial 
iiiIection_    They   are   especially   abundant   after  the   paroxysm, 
and    often  resemble  vacuoles,  ameboid  movements   being   their 
characteristic   feature.     This  movement  is  most  pronounced  in 
Ittlian  fever  when  the  outline  of  the  organism  changes  with  great 
^P^dity.    This  same  change  is  to  be  detected  in  the  parasites  of 
ineguiar  cslivo-autumnal  fever,  but,  as  a  rule,  the  estiva-autumnal 
P^^asile  assumes  a  ring-like  appearance,  and  seldom  throws  out 
P*udopodia.     The  number  of  non-pigmented  intracellular  hema- 
'"zoa  is  at  limes  very  remarkable,  and  in  a  case  originating  in 
Panama  and  observed  at  the  Philadelphia  Hospital  every  micro- 
scopic tield  of  ihe  fresh  blo<xl  showed  several  of  these  organisms. 
Pigmented  Bodies. — The  pigmented  inlracellular  organisms 
are  doubtless  a  later  stage  in  the  development  of  the  parasite, 
and  are  likewise  encountered  in  all  forms  of  malarial  fever.    There 
does  not  exist,  however,  that  uniformity  in  the  different  forms  of 
malarial  infections  that  is  shown  in  the  hyaline  bodies  (Plate  ii); 
e.  g.,  minute  reddish-brown  granules  often  appear  in  the  bodies  of 
Ihe  tertian  organism  soon  after  the  paroxysm,  and  these  increase 
in  number,  while  their  host,  the  red  corpuscle,  becomes  progres- 
sively paler  until  eventually  only  an  indefinite  shell  or  ring  of 
the  once  deeply  colored  erythrocyte  remains.     It  is  not  uncommon 
lo  see  aggregations  of  these  granules  resembling  bacilli,  all  pig- 
ment  displaying  active  movement.     The  parasite  continues  to 
enlarge  in  its  development  during  the  above  steps,  and  its  body 
is  now  hyaline  and  may  be  seen  to  undergo  ameboid  changes, 
but  these  movements  are  sluggish.     The  pigment -granules  often 
appear  to  be  distributed  in  small  aggregations  through  the  body 
of  the  red  corpuscles,  lending  the  impression  that  more  than  one 
organism  has  invaded  the  erythrocyte,  but  through  close  obser- 
vation these  isolated  patches  of  granules  are  found  to  be  within 
a  single  organism.     Within  less  than  forty-eight  hours  this  malarial 
parasite  will  be  found  to  occupy  the  entire  red  corpuscle,  which 
is  greatly  swollen.     The  ameboid  movements  now  become  less 
and  less,  though  the   pigment-granules  are  often  rather  active, 
tending  to  congregate  around  the  periphery  of  the  cell. 

Quartan  Fever. — Just  following  the  paroxysm,  pigmented 
inlracellular  bodies  appear  in  the  blood  of  quartan  fever,  but 
here  the  individual  granules  display  variation  in  size,  and  are 
decidedly  darker  than  are  those  of  the  tertian  type  (Plate   ii). 
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In  Striking  contrast  to  those  of  tertian  fever  they  are  but  slightly 
motile,  often  quiescent,  and  usually  accumulate  along  the  pe- 
riphery of  the  parasite.  Slight  ameboid  movements  are  often 
discernible,  but  these  lessen  rapidly  and  cease  in  from  sixty-four 
to  seventy-two  hours,  following  which  the  parasite  assumes  a 
rounded  or  oval  shape,  and  occupies  but  a  portion  of  the  red 
cell.  Another  peculiarity  of  this  form  of  malarial  fever  is  that 
the  erj'throcytes  are  not  markedly  decolorized,  but,  on  the  contrary, 
their  normal  color  may  be  intensified  or  they  may  display  a  green- 
ish or  brassy  tinge.  The  erythrocyte  in  which  the  parasite  has 
developed  is  below  the  normal  size,  and  upon  staining,  the  organ- 
ism is  found  to  be  surrounded  by  a  variable  (usually  narrow) 
zone  of  cell  protoplasm. 

Estivo-autumnal  Fever. — Pigmented  intracellular  bodies  are 
likewise  found  in  the  blood  of  estivo-autumnal  fever  (Plate,  12) 
but  differ  decidedly  from  the  tertian  or  quartan  parasites  previ- 
ously described.  Pigment-granules  appear  after  the  paroxysm, 
are  always  scanty,  at  times  only  one  or  two  rather  dark  granules 
are  to  be  detected,  and  these  are  usually  located  near  the  periphery 
of  the  cell  and  displaying  but  slight,  if  any,  movement.  This 
parasite  occupies  about  one-fourth  to  one-third  of  the  body  of 
the  red  corpuscle,  but  does  not  decolorize  the  cell,  which  often 
exhibits  a  brassy  tint. 

The  corpuscle  may  be  irregular,  shrunken,  spiculated,  or 
crenated.  Early  during  the  paroxysm  the  pigment -granules 
may  be  congregated  at  the  center  of  the  parasite,  and  according 
to  certain  obser\'crs,  among  whom  Thayer,  of  Baltimore,  deserves 
mention,  this  peculiar  arrangement  is  to  be  obser\'ed  in  tertian 
and  quartan  parasites  during  the  stage  of  segmentation. 

Segmenting  Bodies. — Both  the  tertian  and  quartan  parasites 
may  be  studied  under  the  microscope  during  the  process  of  seg- 
mentation in  blood  collected  just  prior  to  or  during  the  par- 
oxysm. In  tertian  fever  corpuscles  will  be  seen  where  the  hemo- 
globin has  been  almost  entirely  destroyed,  as  is  shown  by  their 
pallor.  The  parasite  becomes  more  and  more  granular  in  ap- 
pearance and  the  pigment-granules,  which  at  first  exhibit  move- 
ments, become  quiescent  and  enlarged,  displaying  a  tendency  to 
congregate  near  the  center  of  the  organism,  where  they  form  in  a 
round  mass.  While  the  pigment-granules  are  being  deposited 
in  the  center  of  the  cell  segmentation  of  the  surrounding  granular 
protoplasm  may  be  observed  (Plate  11). 

Beginning  at  the  peripher\',  delicate  striations  are  seen  to 
extend  gradually  toward  the  central  pigment  mass,  these  stria- 
tions dividing  the  protoplasm  into  a  number  of  rather  oval  bodies 
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(Plate  1 1).  Later  the  arrangemenl  of  these  bodies  is  lost  and  ihey 
are  found  irregularly  distributed  through  the  interior  of  the  para- 
site. The  next  step  appears  to  be  the  absorption  or  rupturing 
of  the  operculum,  after  which  these  bodies  (sponiles)  are  found 
disseminated  through  the  plasma.  The  tertian  parasite  develops 
from  15  to  20  sporules,  each  sporulc  displaying  a  minute,  faintly 
granular,  dark  spot  at  its  interior — a  probable  nucleus.  After 
the  sporules  are  liberated,  they  may  be  seen  moving  about  actively 
in  the  plasma,  and  later  ihey  become  quiescent.  At  times  seg- 
mentation takes  place  before  llic  pigment -granules  collect  at 
the  center  of  the  organism.  Sporulation,  however,  is  directly 
associated  with  the  occurrence  of  the  chill,  and  is  regarded  as  the 
asexual  method  for  the  reproduction  of  the  parasite  (Fig.  69). 

It  is  reasonable  to  suppose  that  the  sporules,  after  liberation 
in  the  plasma,  invade  healthy  erythrocytes,  and  there  develop 
to  the  stage  of  sporulation,  thus  repeating  their  asexual  or 
endogenous  cycle. 

Quartan  Parasite. — In  quartan  fever  the  parasite  undergoes 
segmentation  in  a  slightly  different  manner  from  that  described 
in  tertian  fever.  The  pigment-granules  are  arranged  about  the 
pcripherj'  of  the  organism,  and  as  they  near  the  stage  of  maturity 
these  granules  assume  a  stellate  form  extending  from  the  periph- 
ery to  the  center,  where  a  dense  aggregation  takes  place.  The 
protoplasm  becomes  finely  granular;  when  true  segmentation 
begins  and  continues  as  in  the  tertian  parasite.  The  number 
of  segments  or  sporules  are  usually  from  six  to  twelve,  and  the 
segmenting  body  is  always  considerably  smaller  than  is  that  of 
tertian  fever,  and  its  sporules  are  commonly  arranged  to  form 
perfect  rosets  (Plate  11). 

Estivo-autumnal  Parasite. — Segmenting  bodies  are  not  com- 
monly encountered  in  the  bltxid  of  estivo-aulumnal  fever, 
and  it  has  been  suggested  that  the  asexual  reproduction  occurs 
in  the  viscera.  When  segmentation  is  to  be  seen,  however,  the 
segmenting  bodies  are  much  smaller  than  are  either  those  of  the 
tertian  or  quartan  fevers,  and  all  evidences  of  the  red  cells  are 
<iestroyed.  Crescentic,  ovoid,  and  spheric  bodies  are  always 
observed  in  the  blood  of  estivo-autumnal  fever  after  the  infec- 
tion has  existed  for  a  period  of  one  or  more  weeks  (Plate  1 2), 
For  a  long  period  of  time  there  has  existed  considerable  question 
as  to  whether  or  not  these  bodies  represented  a  definite  stage  in 
the  life-history  of  the  more  common  forms  of  malarial  organ- 
isms. The  weight  of  opinion,  however,  seems  to  favor  the  fact 
that  crescentic  forms  arc  derived  from  pigmented  intracellular 
forms. 
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Crescentic  Bodies. — Crescentic  bodies  are  rarely  to  be  found 
within  the  erythrocytes.  The  typical  crescent  is  a  highly  refrac- 
tile  body  from  7  to  9  /^  in  length  and  2  fi  in  breadth,  exceeding 
the  red  corpuscle  in  size.  Its  extremities  are  rounded,  and  united 
with  a  delicately  curved  line  which  expands  the  concave  border 
of  the  crescent,  and  occasionally  this  marginal,  hood-like  pro- 
jection is  seen  extending  along  the  convex  border  (Plate  12). 
Fine  granules  and  rods  of  pigment  are  seen  within  the  crescent, 
commonly  collected  about  the  center  of  its  body,  but  occasionally 
aggregations  of  pigment  are  discernible  in  one  of  the  horns. 
The  pigment-granules  are  usually  motionless,  yet  slight  move- 
ments may  be  seen  where  granules  occupy  one  extremity  of  the 
crescent. 

Oval  Bodies. — Both  the  oval  and  spheric  bodies  are  apt  to 
be  smaller  than  are  crescents,  but  exhibit  similar  features,  and 
are  often  provided  with  a  small  hood-like  questionable  remnant 
of  their  former  host,  the  red  cell.  Either  oval  or  spheric  bodies 
may  be  seen  wdthin  the  red  cells  (Plates  11,  12,  13). 

Extracellular  Pigmented  Bodies. — Certain  of  the  extra- 
cellular bodies  found  in  both  tertian  and  quartan  fevers  do  not 
undergo  segmentation  after  they  have  reached  maturity,  but,  on 
the  other  hand,  leave  their  host,  the  red  cell,  and  appear  free  in 
the  blood  (extracellular  pigmented  bodies).  In  their  new  en\aron- 
ment  they  develop  rapidly,  and  in  the  tertian  form  may  attain 
the  size  of  a  polynuclear  leukocyte.  The  pigment-granules 
display  more  active  movements  than  are  to  be  observed  under 
other  conditions;  the  parasite  becomes  distorted  and  its  outline 
indistinct.  After  a  time  the  movement  of  the  granules  gradu- 
ally lessens  and  finally  ceases;  while  the  body  of  the  parasite 
becomes  more  and  more  distorted,  probably  resulting  from  its  death. 

Again,  certain  of  these  organisms  may  show  a  gradual  frag- 
mentation, and  small  particles  of  their  pigment  are  seen  to  be 
separated  from  the  general  pigment  mass.  In  this  manner  a 
parasite  may  be  seen  to  divide  into  several  smaller  bodies  (four 
or  five);  the  movements  of  the  pigment  persist  in  the  smaller 
subdivisions,  but  later  these  granules  become  quiescent,  the  body 
of  the  cell  grows  less  distinct,  and  death  ensues.  At  times,  after 
the  pigment-granules  have  become  motionless  the  cell  may  dis- 
play vacuoles  (degeneration). 

Flagella. — Generally  speaking,  the  flagella  of  quartan  fever 
are  slightly  smaller  than  are  those  of  the  tertian  form  (Plate  11), 
and  Craig  believes  that  there  occur  in  the  blood  of  cases  of 
tertian  and  of  estivo-autumnal  fevers  two  varieties  of  flagellated 
organisms. 


PLATE  xi. 

Structure  of  the  Malarial  Parasite. 

Ai-ii.  Tertian  parasite;  asexual  generation:  1-9  correspond  with  the  de- 
velopment of  the  organism,  showing  chromatin  divided  more  and  more  and  pro- 
gressive increase  in  the  pigment;  10,  presegmenting  ]>arasite,  showing  multiple 
nuclei  of  the  future  segments;   10,  segmenting  organism. 

B  I,  2.  Tertian  parasite;  gametes. 

C  1-5.  Quartan  parasite;  asexual  generation,  showing  gradation  of  organism 
as  evidenced  by  age:  3,  4,  maturer  forms;  5,  presegmenting  form  of  the  parasite. 
Note  es[>erially  that  the  red  cell  is  not  enlarged  as  the  result  of  quartan  infection, 
and  that  the  pigment  is  much  distributed. 

D1-4.  Estivo-autumnal  parasite;  asexual  generation:  i,  2,  3,  early  ring  forms; 
4,  mature  parasite. 

Ei,  2,  3.  Crescentic  bodies:  Note  staining  of  hood-like  portion  of  3,  which 
expands  the  concavity  of  the  organism. 

F1-5.  Estivo-autumnal  parasite;  macrogametes  (ovoid  bodies). 

G1-5.  Estivo-autumnal  parasite;  microgametocytes:  4,  5,  Show  stained 
flagclla. 

H.  Blood-plates.  These  arc  often  found  resting  upon  the  red  cell,  and  are  to 
be  distinguished  from  malarial  infection  of  such  cells. 

1 1,  2.  Pseudovermiculus  laverania  danilewskyi  from  crow's  blood.  (See  Hal- 
teridiuntf  page  155.)  (Lazear  in  Johns  Hopkins  Hospital  Reports,  vol.  x,  Nos.  i 
and  2.) 
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Method  of  Developing  Flagella. — Ordinarily  flagella  make 
their  appearance  in  from  fifteen  to  twenty  minutes  after  the  blood 
has  been  withdrawn;  rarely  I  have  seen  them  develop  sooner 
(three  to  ten  minutes).  The  blood  is  withdrawn  from  the  finger 
or  ear  (see  page  33),  and  after  removing  the  first  few  drops  that 
collect  at  the  site  of  puncture  a  drop  is  allowed  to  remain  exposed 
to  the  air  for  a  few  seconds.  Breathe  upon  the  surface  of  the  slide 
until  it  shows  evidence  of  moisture,  when 
bring  the  moistened  surface  of  the  slide  in 
contact  with  the  drop  of  blood;  add  immedi- 
ately a  cover-glass  to  that  portion  of  the  blood 
clinging  to  the  surface  of  the  slide,  and  the 
specimen  is  ready  for  microscopic  study.  Flag- 
ellation is  hastened  by  the  presence  of  the 
moisture  supplied  from  breathing  on  the  slide. 
The  bodies  from  which  flagella  develop  (tertian 
fever)  are  large  and  may  show  their  pigment  either  in  active 
movements  and  disseminated  throughout  the  protoplasm  (Fig. 
57,  ^,  B),  or  the  same  pigment  may  be  seen  but  a  few  minutes 
later  occupying  small  blotdies  in  the  protoplasm,  and  practically 
motionless. 

Development    of    Flagella. — Certain    of    the    extracellular 
organisms  contain  pigment-granules  which  display  rapid  move- 


Fif?-  57-— Laree  body 
of  tertian  fever,  pifniient 
in  blocks  (/I);  li,  pig- 
ment evenly  dissemin- 
ated (Craig). 


Fi>?.  5S.— .4.  Parasite  just  prior  to  flagel- 
lation ;  B,  flagellated  parasite  (Craig). 


FiR-  5Q.— Types  of  flagella  :  /I,  Clubbed  extrem- 
ity ;  /^,  nodular  swellings ;  C,  pigment  within  fla- 
gellum  and  at  extremity ;  I),  pigment  at  extremity  ; 
A\  short,  thick,  and  pigmented  (after  Craig). 


ments  and  later  collect  at  the  center  of  the  parasite,  at  which  time 
the  pigment  becomes  quiescent;  while  coincidentally  peculiar 
movements  are  to  be  seen  along  the  margin  of  the  organism. 
Almost  instantaneously  a  protrusion  or  protrusions  appear  from 
the  edge  of  the  parasite,  which  elongate,  forming  thin,  colorless, 
actively  motile  filaments  that  are  seen  lashing  among  the  red  cells 
(Fig.  58,  A  J  B).  The  flagellum  is  apparently  continuous  with  the 
border  of  the  parasite,  and  may,  in  addition  to  being  clubbed  at 
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its  distal  extremity,  present  one  or  more  nodular  expansions  and 
a  few  pigment-granules  (Fig.  59).  In  length  the  flagellum  usually 
equals  about  thrice  the  diameter  of  the  organism  from  which 
it  was  developed,  and  from  four  to  eight  times  that  of  a  red  cor- 
puscle. They  may  be  even  longer,  and  short  flagella  with  slug- 
gish serpentine  movements  may  be  seen. 

All  flagella  display  an  active  vibratory,  and  often  whip-like 

movement,  which  displaces  the  red  cells 
suspended  in  the  plasma,  resembling  some- 
what in  this  respect,  yet  in  a  lesser  degree, 
the  effect  of  the  filaria  upon  the  li\'ing 
A  .  ^^      corpuscles.    After  a  time  the  flagellum  is 

detached  from  the  body  of  the  parasite, 
uisi^elctji^'^f J^^iT  Safa"^^^^  and  may  be  seen  coursing  through  the 
^tltah^rZ&g^^^^^  field  in  a  more  or  less  serpentine  manner, 

^^^•*»'^-  traveling  rather  rapidly  between  the  red 

cells.  This  active  serpentine  movement 
becomes  lessened  after  a  time,  and  is  eventually  lost,  the  flagellum 
often  becoming  entangled  among  the  red  cells.  The  accompany- 
ing figures  (60,  61),  compiled  from  Craig's  exhaustive  illustrations 
of  malarial  flagella  developing  from  the  various  forms  of  malarial 
parasites,*  will  serve  to  illus- 
trate the  slight  differences 
known  to  exist. 

Termination  of  Flagella. — 
(i)  The  flagellum  may  become 
detached  from  the  parent  cell; 
(2)  become  motionless  and 
disappear;  (3)  coil  around  the 
parasite,  which  becomes 
shrunken  and  degenerated;  or 
(4)  the  parasite  may  become 
fragmented  and  the  flagellum 
degenerate  and  disappear. 

In  the  first  instance,  where 
the   flagcUum    has   succeeded 
in  detaching   itself   from   the 
parent  cell,  it  swims  serpent- 
like  among  the  coq)uscles  (Fig.  62,  6).     Should  a  single  flagellum 
be  developed  from  a  parasite,  the  pigment  of  such  parasite  becomes 
quiet  after  the  fiagcUum  is  detached,  and  the  cell  itself  soon  becomes 
shrunken  (Fig.  62,  7). 

In  the  study  of  flagellated  malarial  parasites  one  should  observe 

♦  "New  York  Med.  Jour.,"  Dec.  23,  1S99,  p.  913. 


FiR.  61. — 1 


2.  parasite 


Prior  lo  flagellalion 
showing  four  ria^clla  ;    3,  traxnicmalion,  divid 
\uf^  into  two  |H)itions ;  4,  further  fra>j:mcntaiion  ; 
5,  trag^meniation  complete  (after  Crai>i). 
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the  extreme  activity  of  the  pigment  in  the  parasite  prior  to  flagel- 
lation and  while  the  flageUa  remain  attached,  also  the  clubbed 
extremities  of  the  flagelk  (Fig.  62),  as  well  as  their  power  of 
individual  movement  in  the  blood. 

Passive  Flagellation. — Not  all  cases  of  estivo-autumnal  fever 
exhibit  flagellation,  since 
flagella  develop  from  the 
crescentic  bodies;  yet  it  is 
in  this  form  of  fever  that 
we  commonly  find  the  so- 
called  "passive  flagellated 
parasite."  In  addition  to 
crescentic  bodies  there  are 
also  to  be  seen  numerous 
round  and  oval  bodies  whose 
pigment  is  distributed  in  the 
form  of  a  wreath  (Figs.  63, 
64).  These  bodies,  accord- 
ing to  their  pigment-gran- 
ules, are  di\ided  into  two 
forms:  first,  those  in  which 
the  pigment  is  in  the  form  of  fine  rods  and  dots,  and  may  at  times 
be  motile,  again  quiescent;  second,  those  forms  which  are  few  in 
number,  nearly  always  round,  and  whose  pigment  is  in  the  form  of 
large,  black -brown  dots  seldom  displaying  movements.  The  active 
flagellated  organism,  previously  described  (Fig.  61),  may  arise  from 
the  first  variety,  while  from  the  second  variety  the  passive  flagel- 


Fig.  62.— Parasite  of  estivo-autumnal  fever:  i. 
Crescent  within  the  red  cell ;  a,  crescent  cell  ex- 
panded into  round  bodv,  but  within  the  red  blood- 
cell  ;  3,  round  body  which  has  escaped  from  the 


red  corpuscle,  which  rests  beside  it ;  4,  round  body 
with  active  pigment :  5,  round  body  putting  forth 
two  flagella  ;  6.  round  body  showing  one  flagcllum 


detached ;  7,  shrunken  and  degenerated  parasite 
(after  Craig). 


iff-  ^3- — >4.  Round  body  with  piji^ent 
m  lorm  of  a  ring ;  7?,  pigment  disseminated 
and  feebly  motile  at  times  (Craig). 


F„ 
in  form 


<^ 


Fig.  64.— /I,  Round  bodies  with  pigment 
in  form  of  a  wreath  ;  B,  oval  bodies  show- 
ing wreath  ariatigcmciit  of  pigment ;  <1\ 
round  l>odies  with  pigment  in  the  form  of 
dense  aggregations  (Craig). 


lated  organism  springs.  Flagella  developing  from  this  latter  variety 
of  parasites  are  usually  few  in  number,  rarely  present  clubbed 
extremities,  though  there  is  an  expanding  portion  at  the  junction 
of  the  flagellum  and  the  mother-cell  (round  body),  and  instead 
of  the  active,  lashing  movements  previously  described,  there  is 
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to  be  seen  a  straightening,  relaxing,  and  apparent  revolving  of 
the  flagellum  upon  its  axis  (Fig.  65).  According  to  Craig,  they 
may  detach  themselves  from  the  round  body  and  again  attach 
themselves  to  it.  During  these  maneuvres  the  pigment-granules 
of  the  round  parasite  remain  in  the  form  of  a  circle,  and  are  usu- 
ally motionless.  This  form  of  flagellation  also  occurs  in  tertian 
fever. 

Function  of  the  Flagellum. — ^The  flagellum  represents  the 
male  element  in  the  cycle  of  the  sexual  reproduction  of  the  malarial 
parasite — flagellation  takes  place  outside  the  human  body  and 
normally  within  the  stomach  of  the  mosquito.  To  MacCallum, 
of  Baltimore,  is  due  the  discovery  of  the  flagellum's  function. 
In  a  manner  somewhat  analogous  to  that  of  the  spermatozoon  the  * 
detached  flagellum  penetrates  a  fully  matured  malarial  parasite 
which  has  not  yet  undergone  segmentation.    The  parasite   thus 


Fir-  65.— Passive  flarellation  of  the  estivo-autumnal  parasite.  Note  arranjfement  of 
pi>;menl ;  nagella  not  cluhbed  al  ends,  and  straight  inoutlint;.  One  flagellum  about  to  enter 
round  body  (alter  Craig). 


fertilized  in  the  mosquito's  stomach  penetrates  the  insect's  stomach- 
wall  and  here  develops  into  a  small  cyst  which  in  about  seven  days 
displays  numerous  irregular,  ray-like  striae  (see  Lije-Cycle  oj 
Malarial  Parasite,  Fig.  66).  Later  the  capsule  of  this  cyst  rup- 
tures, and  the  delicate,  thread-like  bodies  which  the  cyst  contains 
are  liberated  in  the  body  of  the  mosquito,  and  later  many  of 
them  are  deposited  in  the  insect's  salivary  glands.  A  mosquito 
thus  infected,  upon  biting  a  hcahhy  human  being  in  addition  to 
sucking  blood  from  the  individual,  introduces  into  his  system 
the  small  thread-like  bodies  previously  stored  up  in  its  salivary 
glands;  these  bodies  being  the  product  of  sexual  fertilization  of 
the  fully  developed  spermatozoon  (flagellum),  which  fertilization 
took  place  in  the  mosquito's  stomach  after  the  insect  had  sati- 
ated its  appetite  with  the  blood  of  a  person  infected  with  malaria. 
The  thread-like  bodies  (Fig.  66,  U),  introduced  into  the  human 
system  through  the  mosquito's  bite  are  now  properly  environed 
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for  their  further  development  into  the  hyahne  bodies  previously 
described.    This  final  step  completes  the  hfc-cycles  of  the  malarial 


.-Pclii'ina  shouiiie  Ihr  Iximaii  ai«1  nif>s.|ii>l.>  tv.'lt-s  of  Ihe  nial.iria)  mrnsHi:: 

.«1  tell:  B.  C,  0.  E.  r».i  tells  TOinal.itiU!  nmeliiliis  .a  myxon^U.   V.  ti.  H, 
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dBKralii  iliuMTatinR  lilu-cvcVoV  Cocciaium  schubtitii)  (Kn-s,  iti  "  ■■tiulitiiiitt'r."  Man'li.  19UI}. 

parasite  in  both  its  host — man — and  the  intcrmediar>-  host — the 
mosquito.  More  than  one  variety  of  parasite  may  be  found  in 
the  blood  of  man  at  the  same  time. 

For  a  description  of  the  Lcishman-Donovan  ImmJv  see  p.  525. 


CHAPTER  11. 

THE  URINE 

It  is  of  utmost  importance  that  the  physician  have  an  extensive 
knowledge  of  this  secretion,  since  its  many  variable  changes  are 
often  expressions  of  morbid  conditions  in  either  the  kidneys  them- 
selves or  elsewhere  in  the  body;  an  accurate  interpretation  of 
these  changes  provides  valuable  aid  to  diagnosis;  therefore 
the  study  of  the  urine  has  now  become  one  of  the  essential  fea- 
tures in  clinical  diagnosis. 

PHYSICAL  PROPERTIES  OF  THE  URINE. 

NAKED-EYE  APPEARANCE. 

Quantity. — ^The  quantity  of  urine  secreted  by  a  healthy  man 
in  twenty-four  hours  is  from  1500  to  2000  c.c.  (42.2  to  52.7  fl. 
oz.);  although  1200  c.c.  (33.8  fl.  oz.)  may  at  times  be  the  normal 
quantity  where  but  few  liquids  are  taken.  Marked  variations 
are  commonly  observed,  and,  as  a  rule,  bear  direct  relation  to 
the  quantity  of  fluids  taken,  and  the  activity  of  the  bowels  or 
the  skin;  therefore,  any  excess  or  deficiency  in  this  quantity 
secreted  should  be  regarded  as  pathologic  only  when  extreme. 
The  rate  of  secretion  varies  with  barometric  conditions  (tempera- 
ture and  humidity),  and  is  increased  during  the  early  part  of 
the  night  and  early  morning;  while  during  the  hours  usually 
occupied  for  sleep  and  during  sleep  it  is  lessened. 

Under  pathologic  conditions  we  often  observe  wide  deviations 
from  the  normal  standard,  and  in  order  to  arrive  at  definite  con- 
clusions the  urine  voided  during  the  tNventy-four  hours  should  be 
collected.  The  patient  should  void  all  the  urine  possible  before 
going  to  stool,  thus  diminishing  loss  during  the  act  of  defecation. 
When  the  patient  suffers  from  incontinence,  the  quantity  is 
approximately  estimated  by  frequent  catheterization;  yet  this 
procedure  is  open  to  many  objections,  as  is  also  the  permanent 
application  of  a  catheter.  Care  must  be  taken  to  empty  the 
bladder  before  any  of  the  urine  for  the  twenty-four  hours  is  col- 
lected.    Collect  the  urine  in  a  graduated  vessel  of  2000  c.c.  (52.7 
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fl.  oz.)  capacity,  in  order  that  the  quantity  may  be  estimated. 
When  further  study  is  desired,  keep  the  urine  in  a  cool  place  to 
prevent  decomposition,  which  is  destructive  to  many  of  its  ele- 
ments. 

Oliguria. — A  diminution  in  the  quantity  of  the  urine  se- 
creted is  a  feature  accompanying  high  fevers,  interference  with 
the  renal  circulation, — as  in  chronic  heart  disease, — cirrhosis  of 
the  liver,  hydroperitoneum,  and  acute  and  certain  forms  of  chronic 
nephritis. 

Anuria. — Complete  suppression  of  the  urine  may  accompany 
uremia  and  conditions  where  large  quantities  of  liquids  are 
extracted  from  the  body:  e.  g.,  Asiatic  cholera,  dysentery,  hemor- 
rhage, and  grave  anemia.  It  also  follows  the  administration  of 
large  doses  of  arsenic  and  oxalic  acid  {toxic  anuria).  Suppres- 
sion of  the  urine  may  follow  profuse  perspiration  (physiologic 
anuria). 

Polyuria. — A  notable  increase  in  the  quantity  of  the  urine 
is  obser\-ed  in  chronic  interstitial  nephritis,  amyloid  disease  of 
the  kidneys,  during  the  convalescence  from  acute  nephritis,  acute 
fevers,  and  in  diabetes  mellitus  and  insipidus.  It  is  also  present 
after  hysteric  seizures  and  in  certain  organic  brain  conditions; 
in  cardiac  disease  after  compensation  is  re-established;  during 
the  absorption  of  fluids  from  the  serous  sacs;  and  between  the 
paroxysms  of  relapsing  fever.  It  may  also  follow  the  adminis- 
tration of  drugs;   e.  g.,  digitalis  and  caflein. 

Color. — Normal  urine  is  of  a  straw  or  wine-yellow  color. 
Marked  variations  from  the  normal  are  seen,  extending  from  that 
of  a  clear  watery  urine,  of  low  specific  gravity,  containing  little 
coloring  pigment  and  a  comparatively  small  quantity  of  solids, 
through  the  successive  shades  to  that  of  a  reddish-brown  urine, 
of  high  specific  gravity,  rich  in  both  coloring-matter  and  solids. 
The  pigments  usually  regarded  as  accountable  for  the  color  of 
the  urine  are  uroerythrin,  pigment  of  pink  urates,  normal  urobilin, 
pathologic  urobilin, — present  during  seizures  of  pyrexia  and  in 
grave  anemia, — urohematoporphyrin  (derivative  of  hcmatin), 
and  alkapton,  the  color  of  which  appears  after  exposure  to  air  and 
light.  The  reaction  exercises  an  influence  upon  the  color  of 
the  urine;  e,  ^.,  acid  urines  are,  as  a  rule,  darker  than  arc  alkaline 
urines,  and  should  an  acid  reaction  persist,  the  color  of  the  urine 
deepens  upon  standing. 

Normal  urine  is  of  a  golden-  or  amber  yellow  color,  while 
highly  colored  urines  may  var>'  through  the  successive  shades  to  a 
reddish  yellow  or  red  color,  and  dark  urines  from  brownish  red 
to  reddish  brown. 
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Color  in  Disease. — Pathologic  urine  may  present  a  pale  color 
and  high  specific  gravity,  or  vice  versA.  Here  the  color  of  the 
urine  may  depend  upon  the  secretion  of  additional  coloring- 
matter.  Wide  variations,  depending  on  the  stage  of  the  disease 
at  which  the  urine  is  examined,  are  to  be  observed;  e.  ^.,  the  urine 
secreted  on  the  second  day  of  an  attack  of  acute  nephritis  is  of 
high  color,  scanty,  and  of  high  specific  gravity;  while  the  urine 
at  the  beginning  of  convalescence  is  pale,  increased  in  quantity, 
and  of  a  low  specific  gravity. 

Highly  colored  urine  is  noted  in  fevers,  conditions  causing 
congestion  of  the  kidneys — as  in  chronic  heart  disease,  pernicious 
anemia,  sarcoma,  and  cancer  of  the  gastro-intestinal  tract.  Prod- 
ucts of  pathologic  urobilin,  indigo,  melanin,  or  anemia,  when 
contained  in  the  urine  in  sufficient  amounts,  may,  on  the  addition 
of  some  reagent,  develop  color.  On  standing,  the  urine  of  phthisis 
has  a  tendency  to  become  dark,  and,  at  times,  black.  Such 
changes  are  often  due  to  the  development  of  fungi,  and  are  pro- 
duced experimentally  by  the  Aspergillus  fumigatus  and  A.  niger. 

Polyuria, — Polyuria  resulting  from  diabetes  insipidus  and 
interstitial  or  amyloid  changes  in  the  kidneys  follows  the  usual 
rule  of  diminished  pigments  and  solids;  while,  on  the  contrary, 
the  urine  of  diabetes  mellitus  is  of  high  specific  gravity  and  as  a 
rule  of  an  amber  color. 

Chyluria, — Chyluria,  parasitic  or  from  other  cause,  lends  to 
the  urine  a  milky  appearance  due  to  the  addition  of  globules  of 
fat. 

Bloody  Urine. — Urine  of  a  reddish,  carmin,  or  blackish 
color  usually  contains  an  admixture  of  blood,  and  varies  in  color 
proportionate  to  the  quantity  added.  Bile-pigment  lends  to  the 
urine  a  brownish-yellow  color,  and  if  present  in  large  amounts  a 
greenish  tint  is  observed:  on  shaking,  a  heavy  yellow  foam 
collects  on  the  surface.  Urine  rich  in  urobilin  is  brownish  red 
in  color  and  may  on  shaking  also  display  a  froth.  Indoxyl 
sulphate  may  cause  a  dark-brown  hue.  Indigo  is  responsible 
for  the  blue  or  dull  blue  color  in  the  urine. 

Green  Urine  and  Drugs. — Green  urine  is  rarely  seen  and  may 
be  due  to  the  presence  of  biliar\-  coloring-matter  (greenish  yellow 
or  greenish  brown);  to  large  amounts  of  sugar,  cystin,  develop- 
ment of  bacteria  (Bacillus  pyocyaneus),  and  to  the  administra- 
tion of  methylenc-blue.  The  latter  is  a  common  cause  of  bottle- 
green  urines  in  the  insane  department  of  the  Philadelphia  Hos- 
pital, where  the  drug  is  employed  as  a  sedative.  Carbolic  acid 
induces  a  brown  color  which  on  standing  changes  to  a  blackish 
brown;   a  similar  effect  being  produced  by  naphthalin,  resorcin, 
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hydroquinon,  and  pyrocalechin.  Rhubarb  and  senna  cause  a 
brown  or  red  color,  while  sanlonin  induces  a  yellow  tini;  quinin, 
antipyrin,  and  sulphonal  intensify  the  color  of  the  urine.  The 
coloring  pigments  of  the  urine  are  doubtless  many  in  number, 
among  which  hematoporphyrin  is  seen. 


Transparency. — Normal  urine  is  clear  when  voided,  and 
apoD  standing  it  usually  becomes  cloudy,  but  is  not  affected  by 
alkalis,  mineral  acids,  or  by  heat.  Pathologic  urine  may  be 
cloudy  when  voided,  or  may  become  so,  owing  to  precipitation  of 
urates,  phosphates,  carbonates,  blood,  pus,  mucus,  chyle,  or 
bacteria.     Turbidity  due  to  phosphates  clears  by  the  addition 
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of  acids,  and  that  induced  by  urates,  by  the  application  of  heat 
(Fig.  67).  Should  the  turbidity  increase  when  acid  and  heat  are 
applied,  it  is  due  to  albuminous  products  or  to  earthy  phosphates 
(see  Scheme,  page  261).  Turbidity  due  to  mucus  or  bacteria 
is  but  moderately  influenced  by  acetic  acid. 

Odor. — ^The  odor  of  fresh  normal  urine  is  that  of  new  hay; 
decomposition  causes  the  odor  of  ammonia.  Urine  containing 
acetone  has  an  odor  of  fruit;  while  that  of  diabetes  gives  an 
aromatic  odor.  Asparagus,  onions,  and  turpentine  in  turn  lend 
their  characteristic  odors  to  this  secretion.  Blood  when  in  alka- 
line urine  induces  a  heavy,  putrid  odor. 

Consistence. — Normal  urine  is  of  an  aqueous  consistence. 
Urine  is  thickened  by  large  amounts  of  sugar,  mucus  (syrupy), 
pus,  molecular  fats,  Bence- Jones'  albumose,  and  also,  in  certain 
febrile  conditions,  as  the  result  of  an  excess  of  inorganic  sub- 
stances. Alkalinity  may  also  increase  the  consistence,  this  con- 
sistence being  rarely  found  to  be  that  of  gelatin. 

SPECIFIC  GRAVITY. 

The  standard  for  normal  urine,  when  the  entire  quantity 
has  been  collected  for  the  twenty-four  hours,  can  safely  be  set 
at  1 .020.  It  usually  varies  in  inverse  ratio  to  the  quantity  secreted, 
oscillating  between  1.015  and  1.025  when  1200  to  1500  c.c. 
(33.8  to  42.2  fl.  oz.)  are  voided  daily. 

Increase. — Nitrogenous  foods,  fasting,  sedentary  habits,  and 
pathologic  states  cause  increase;  while  the  taking  .of  large  quan- 
tities of  liquid  into  the  system  diminishes  the  specific  gravity. 

Urines  rich  in  urates,  chlorids,  phosphates,  oxalates,  and 
sugar  display  a  high  specific  gravity.  An  increase  is  also  ob- 
served where  the  quantity  of  urine  passed  is  lessened;  e.  g,,  in 
acute  fevers,  acute  and  chronic  nephritis,  after  mineral  poisons, 
eclampsia,  uremia,  and  following  a  dry  and  highly  albuminous 
diet. 

Caution. — The  specific  gravity  bears  no  relation  to  the 
nitrogenous  constituents  of  the  urine,  yet  increased  nitrogenous 
elimination  and  an  increased  elimination  of  chlorids  are  commonly 
associated,  the  latter  inducing  a  high  specific  gravity. 

Decrease. — A  marked  diminution  in  the  specific  gravity  of 
the  urine  may  be  the  first  evidence  that  the  kidneys  are  incapable 
of  performing  their  function.  In  chronic  nephritis  a  diminished 
specific  gravity  often  precedes  an  attack  of  uremia;  yet  the  quan- 
titv  of  urine  secreted  mav  be  normal  or  even  increased.  In 
diabetes  insipidus,  amyloid  kidney,  chronic  interstitial  nephritis, 
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and  after  the  excessive  inhibition  of  malt  hquors,  the  specific 
gravity  is  lowered.  I  found  it  to  be  1.004  in  Bence- Jones'  albu- 
mosuria, a  condition  where  a  low  specific  gravity  is  common. 

In  acute  fevers  where  the  specific  gravity  has  been  high,  a 
sudden  diminution  signifies  either  that  tissue  changes  are  dimin- 
ished, their  products  not  formed,  or  that  those  processes  are  active 
and  their  products  not  elaborated  by  the  kidneys;  however,  it 
may  be  the  first  evidence  of  a  fatal  termination.  A  scries  of  cases 
studied  at  the  Philadelphia  Hospital  showed  that  in  acute  fevers, 
chronic  nephritis,  and  in  acute  alcoholism,  a  marked  lessening 
in  the  specific  gravity,  without  change  in  quantity  of  the  urine, 
often  preceded  severe  nen'ous  symptoms,  which  were  frequently 
accompanied  by  oliguria. 

Estiniation  of  the  specific  gravity  is  readily  obtained  by  the 
use  of  the  urinometer  (Fig.  68),  which 
should  always  be  furnished  with  a 
thermometer,  as  such  instruments  arc 
standardized  at  a  given  temperature. 
{For  every  seven  degrees  above  the 
temperature  at  which  the  urinometer 
is  standardized  add  one  degree  to  the 
specific  gravity.) 

Method. — Fill  a  cylindric  graduate 
(Fig.  68)  two-thirds  full  of  urine,  and 
remove  all  froth  by  touching  to  it  a 
slip  of  fiher-paper.  Introduce  the 
urinometer  into  the  graduate  and 
gently    force  it   to  sink   to   near  the 

bottom  of  the  fluid,  when  it  will  be        FiK-^v-SciuiLbsunnumcui, 
seen  to  rise  and  fall  until  it  seeks  its 

level.  The  figure  at  the  surface  of  the  urine  represents  the 
specific  gravity  of  the  SjK'cimcn  under  examination.  Should  the 
quantity  of  urine  be  t<K)  small  for  determination  of  its  specific 
gravity  by  the  urinometer,  place  the  urine  at  hand  in  a  small 
cylinder  and  proceed  in  the  determination  by  means  of  "specific 
gravity  beads"  (Fig.  69),  which  are  graduated  from  1.002  to  1.050. 
Allow  several  of  the  beads  to  fall  gently  into  the  urine  and  a-ad 
the  specific  gravity  from  the  surface  of  the  bead  that  rfm:iins 
suspended  at  the  center  of  the  column  of  urine  (Fig.  69). 

Caution. — The  beads  should  be  kept  in  clear  water  and 
cleansed  by  changing  this  water  after  their  use.  The  use  of  the 
pyknometcr,  while  insuring  accuracy,  is  not  practical  for  daiiy 
clinical  work. 

Pathologic  urine  may  varj'  from  1.002  to  1.045  "■'  t;ven  higher. 


174 


THE    URINE. 


The  specific  gravity  of  the  urine  is  of  importance,  since  it  bears 
an  approximate  relation   to  the  metabolic  changes;    however, 
where  the  kidneys'  function  is  impaired,  products  resulting  froni 
metabolic  changes,  as  uric  acid  and  urea,  may  be  formed  in  normal 
amounts  and  still  be  retained  in  the  blood  and  tissues,  thereby 
diminishing  the  urine's  specific  gravity. 

Solids  of  the  Urine. — The  quantity  of  solids  excreted  through 
the  urine  in  a  healthy  individual  of  average  weight  and  habits 


PiftT-  69— Ui^c  of  ht»a<Is  for  dclermlninK  the  si)eciric  jjravlty  of   small  quantities  of  urine  and 

i>ifuT  fluiils. 


during  the  twenty-four  hours  is  estimated  at  945  grains  (61.14 
gm.).  After  the  fortieth  year  the  amount  of  solids  will  be  found 
to  diminish  gradually;  and  to  meet  this  reduction  deduct  10  per 
cent,  from  the  above  standard  during  the  decad  between  forty 
and  fifty;  and  an  additional  10  per  cent,  for  each  successive 
decad.  Conditions  altering  the  amount  of  solids  excreted  are 
largely  those  influencing  the  sj)cciric  gravity  of  the  urine. 

Computation. — The  total  amount  of  solids  is  estimated  by 
multiplying  the  last  two  figures  of  the  specific  gravity  by  2.33, 
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the  co-eflBcient  of  Haeser;  e.  g.,  the  urine  voided  during  the  twenty- 
foixr  hours  is  found  to  be  1800  c.c,  and  the  mixed  product  has  a 
specific  gravity  of  1.020.  Therefore  20  X  2.33  —  46.60,  the  amount 
of  solids  estimated  in  grains  present  in  1000  c.c.  of  such  urine,  and 


-^——^ —  =  83.8,  the  number  of  grams  of  solids  suspended  in  the 

"■"ixie  voided  during  the  twenty-four  hours.  The  clinical  value  of 
c^t^imating  the  total  amount  of  solids  has  certain  limitations,  for 
^tiich  reason  more  elaborate  methods  are  omitted  (see  Chemistry ^ 
P^^gei77).  It  should  be  emphasized  that  the  determination 
^^  the  total  solids  of  a  given  specimen  voided  at  one  urination 
^  valueless,  since  the  specific  gravity  fluctuates  between  wide 
^itnits  at  different  hours  of  the  day. 

ELECTRIC  CONDUCTIVITY  OF  THE  URINE. 

Electric  conductivity  of  the  urine  in  relation  to  its  chemic 
composition  is  among  the  newer  applications  of  modem  physio- 
logic chemistry,  and  is  of  imp)ortance  when  employed  in  the  solu- 
tion of  problems  in  both  physiology  and  physiologic  chemistry. 
It  is  fair  to  believe  that  it  will  add  greatly  to  our  present 
laboratory  methods  for  the  ascertainment  of  pathologic  states  of 
the  urine.  (Electric  conductivity  may  also  be  applied  to  other 
body  fluids — pleural  and  peritoneal.  It  has  been  shown  by 
Roth,*  Stewart,t  Bugarszky,J  Tangl,§  and  a  number  of  other 
observers  that  this  method  is  applicable  to  the  examination  of 
both  blood-serum  and  serous  fluids.  They  have  further  found 
that  the  inorganic  constituents  of  blood-serum  are  much  more 
constant  than  are  the  inorganic  constituents  of  urine.)  The 
extended  variations  in  the  conductivity  of  urine  cause  one  at  first 
sight  to  regard  them  as  being  of  little  clinical  moment.  Bugar- 
szkyjl  has  shown  that  certain  general  relations  exist  between  the 
total  ash  of  the  urine  and  the  conductivity,  showing  that  the  con- 
ductivity of  the  urine  is  practically  due  to  the  mineral  salts  held 
in  suspension. 

Urea. — Most  abundant  of  the  urinary  constituents  is  the  urea, 
which  is  nearly  a  non-conductor  when  thus  suspended  in  solution, 
and  it  does  not,  therefore,  materially  influence  our  results.  Kreat- 
inin,  ammonia,  xanthin  bases,  uric  acid,  and  urates  have  but 
slight  conductivity.  The  conductivity  of  the  urine  and  the 
specific  gravity  when  studied  correlatively  wmU  be  found  to  have 
a  value  somewhat  analogous,  the  former  being  slightly  the  more 

♦"Centralbl.  f.  Physiologic,"  Nov.  27,   1897. 

Ji  Ibid.f  p.  332.  t  Ibid.y  p.  297.  §  Ihid.^  p.  301. 

II  "Pfltiger*s  Archiv  f.  die  gesammtc  Physiolope,"  1897,  vol.  Ixviii,  p.  389. 
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definite,  which  renders  electric  conductivity  of  value  in  estimating 
the  degree  of  metabolism  of  inorganic  substances — a  point  which 
has  been  ably  demonstrated  by  J.  H.  Long*  who  has  also  elab- 
orately described  the  special  technic  necessary  for  the  applica- 
tion of  this  method,  as  have  also  other  writers  to  whom  I  have 
referred. 

REACTION  OF  THE  URINE. 

Healthy  mixed  urine  from  the  twenty-four  hours'  product  is 
acid,  due  to  the  presence  of  diacid  sodium  phosphate  (NaH^POJ. 
Such  acids  as  uric,  sulphuric,  carbonic,  and  hippuric  are  thought 
to  take  up  a  portion  of  the  sodium  from  the  urine,  leaving  behind 
an  acid  salt.  Taylor  estimated  the  acidity  of  the  normal  urine 
for  twenty-four  hours  as  equivalent  to  14  grains  of  carbonate  of 
sodium  or  30  grains  of  oxalic  acid. 

Decreased  Acidity. — Conditions  lessening  the  degree  of 
acidity  are  a  full  meal,  a  diet  largely  vegetable,  ingestion  of  foods 
rich  in  vegetable  acids  or  their  salts,  such  as  acetates,  lactates, 
and  tartrates,  alkaline  carbonates,  free  perspiration,  and  parox- 
ysms of  vomiting.  Temporarily  diminished  acidity  is  obser\'ed  in 
pneumonia  during  the  forenoon  (Quincke)  and  twenty-four  hours 
after  the  crisis.  Standing  lessens  the  acidity  through  decomposi- 
tion of  the  urate  of  sodium. 

Increased  Acidity. — ^The  acidity  is  increased  by  allowing  the 
urine  to  stand  for  a  few  hours,  and  is  due  to  an  increase  of  lactic 
and  acetic  acids,  acid  phosphates,  and  probably  to  the  formation 
of  new  acids  from  such  pre-existing  substances  as  alcohol  and 
carbohydrates  (diabetic  urines).  This  acid  stage  is  of  short  dura- 
tion and  the  urine  is  rendered  alkaline  by  the  action  of  bacteria, 
as  well  as  by  chemic  changes.  Muscular  exercise,  a  diet  largely 
of  meats,  and  the  taking  of  mineral  acids  increase  the  urine's 
acidity,  and  high  acidity  is  a  feature  of  acute  fevers,  scurvy, 
phthisis,  diabetes,  and  leukemia. 

Alkaline  Reaction. — Pathologic  urine  may  be  alkaline  when 
voided,  due  to  ammoniacal  fermentation  of  uric  acid  and  the 
breaking-up  of  urea  into  ammonium  carbonate.     Thus: 

CO.    ;^!J{»    -f    2H,0  s:    (NH/ijCOj. 

I'rca  water  ammonium 

carbonate. 

Such  a  condition  implies  that  there  arc  pathologic  changes  along 
the  urinarv  tract,  comnionlv  the  bladder. 

Method  of   Detecting   Reaction. — The   reaction  of  urine 

*  "Jour,  of  the  AnuT.  Cbcm.  Soc,"  Oct.,  1002,  vol.  xxiv,  No.  10. 
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is  taken  by  means  of  red  and  blue  litmus- papers,  blue  litmus  being 
turned  red  by  acid  urines,  while  alkaline  urines  change  red  litmus 
to  blue.  The  litmus  should  be  cut  into  narrow  strips  and  kept 
in  a  well-stoppered  glass  jar.  Immerse  the  slip  in  water  im- 
mediately before  use  and  then  dip  one-half  inch  of  its  tip  into 
the  urine,  when  the  change  induced  by  the  urine  will  appear. 

Amphoteric  Reaction. — ^The  same  urine  may  at  times 
change  red  litmus  to  blue  and  blue  litmus  to  red  (amphoteric). 
This  peculiar  reaction  depends  upon  the  presence  of  both  acids 
and  neutral  sodium  phosphates,  which  substances  arc  eliminated 
simultaneously  and  equally. 

Fixed  and  Volatile  Alkalis. — To  distinguish  between  alka- 
linity due  to  fixed  alkali  (sodium  or  potassium)  and  that  due 
to  a  volatile  alkali  (ammonia),  red  litmus-paper,  which  has  been 
turned  blue  by  the  alkalinity  of  the  urine,  is  dried  by  gentle  heat. 
No  change  is  observed  when  a  fixed  alkali  is  present,  but  if  the 
alkalinity  depends  upon  a  volatile  alkali  (ammonia),  the  litmus 
surrenders  its  blue  color  and  displays  a  reddish  or  yellow  tint. 


«:ia;j 


:STRY  OF  THE  URINE. 


The  exact  chemic  composition  of  the  urine  is  by  no  means 
constant,  but  fluctuates  within  rather  wide  limitations  even  in 
the  apparently  normal  individual;  and  these  variations  depend, 
in  great  measure,  upon  such  factors  as  exercise,  age,  sex,  cold  or 
hot  baths,  diet,  temperature,  digestion,  and  sleep.  A  fair  classi- 
fication of  the  constituents  of  healthy  urine  has  been  suggested 
by  Parkes  and  is  shown  by  the  following  table: 


Constituents.  Weight.  66  Kilograms. 

Water 1500.00  gm. 

Total  solids 72.00 

I'rea 33.18 

Uric  acid 0.55 

Hippuric  acid 0.40 

Kreatinin o.qi 

Pigment   and   other   organic 

matters 10.00 

Sulphuric  acid 2.01 

Phosphoric  acid 3.16 

Chlorin 7-8.00 


Ammonia  .. 
Potassium  . 

Sodium 

Calcium  . . . 
Magnesium. 
12 


0.77 
2.50 

II. OQ 
0.26 
0.21 


er  Kilogi 

ram  of 

Body-Wfight. 

22.730 

gm. 

1.090 

0.500 

0.008 

0.006 

0.014 

O.I  5 1 

0.030 

0.048 

0.126 
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Becquerers  estimation  for  each  1000  grains  of  urine  is,  water 
967  grains;  solids  33  grains.  Of  the  solids,  24.865  grains  were 
organic  matter,  leaving  but  8.135  grains  of  inorganic  substance. 

During  certain  pathologic  conditions  the  urine  may  hold  in 
solution,  in  variable  amounts,  many  substances,  among  which  are: 
serum-albumin,  serum-globulin,  peptone,  albumose  (Bence- Jones'), 
nucleo-albumin  (mucin),  glucose,  dextrin,  lactose,  inosite, 
blood-pigments,  bile-pigments  and  bile  acids,  melanin,  leucin, 
tyrosin,  oxybutyric  acid,  lecithin,  allantoin,  fat,  acetone,  choles- 
terin,  urocaninic  acid,  sulphureted  hydrogen,  cystin,  and  alcohol. 

BnNERAL  ASH. 

Quantitative  Estimation. — i.  Fifty  c.c.  of  urine  are  placed 
in  a  porcelain  dish,  the  weight  of  which  has  been  taken.  It  is 
then  evaporated  to  dryness  at  a  temperature  of  100®  C.  Heat 
until  no  gas  is  evolved. 

2.  The  residue  is  now  taken  up  by  distilled  boiling  water  and 

later  filtered  through   a  filter  the  weight 
of  whose  ash  is  known. 

3.  Both  dish  and  contents  of  the  filter 
are  washed  with  hot  water,  and  the  dish 
and  filter  dried  in  an  oven;  after  which 
the  filter  is  placed  in  the  dish  and  slowly 
incinerated. 

4.  When  the  dish  becomes  white,  the 
washings  and  filtrate  which  have  been  set 
aside  are  now  added  to  the  ash  and  evapor- 

FiR.  7o.-Dcsiccator.         ^tcd  at  ioo°  C.    Prolong  the  heat  over  the 

flame — care  being  taken  lest  too  great  heat 
be  applied  and  certain  substances  be  volatilized  (chlorin),  and 
sulphates  converted  into  sulphids  in  the  presence  of  organic 
matter. 

5.  Cool  the  dish  in  a  desiccator  (Fig.  70)  and  ascertain  its 
weight.  The  difference  between  its  present  and  previous  weights 
equals  the  quantity  of  ash  in  50  c.c.  of  urine. 

Cautions. — Place  4  to  6  ounces  of  dried  desiccated  (lump) 
calcium  chlorid  in  the  bottom  of  the  desiccator.  This  keeps 
the  interior  of  the  jar  dry  and  absorbs  any  moisture  present. 
The  lid  of  the  desiccator  is  ground  to  fit  the  jar,  and  should 
be  hermetically  scaled  by  smearing  the  edge  (ground  surface) 
of  the  lid  with  ccjual  parts  of  paraffin  and  vaselin.  A  desic- 
cator provided  with  a  special  shelf  for  the  calcium  may  be 
obtained. 


CHLORIDS. 

IChief  of  the  alkalis  found  in  the  urine  is  sodium  in  com- 
bination with  chlorin,  lo  to  15  gm.  being  excreted  by  a  healthy 
man  during  twenly-four  hours.  Chlorin  in  combination  with  cal- 
cium, magnesium,  potassium,  and  ammonium  is  found  in  small 
proportions.  In  health,  the  amount  of  sodium  chlorid  excreted  is 
directly  influenced  by  the  quantity  and  quality  of  food  ingested. 

Decrease. — The  chlorids  arc  decreased  in  starvation,  and 
temporarily  after  taking  freely  of  liquids,  in  certain  febrile  con- 
ditions, notably  typhoid  fever,  scarlet  fever,  roseola,  variola, 
t)'phus  fever,  acute  yellow  atrophy,  and  they  may  be  absent  in 
croupous  pneumonia.  A  correspondingly  marked  decrease  is 
seen  in  acute  and  chronic  nephritis  when  associated  with  albu- 
minuria; also  in  chronic  lead  intoxication,  pemphigus,  impetigo, 
and  the  early  stage  of  dementia.  Again,  it  is  visible  in  chronic 
gastro- intestinal  conditions,  as  gastric  ulcer,  cancer,  dilatation  of 
the  stomach,  and  in  diarrhea.  A  less  marked  decrease  is  noticed 
in  the  anemias,  rickets,  chorea,  idiocy,  and  melancholia. 

Increase. — The  chlorids  are  increased  after  the  administration 
of  potassium  salts,  during  the  absorption  of  exudates  and  trans- 
udates, following  epileptic  seizures  (polyuria),  diabetes  insipidus, 
when  they  have  been  retained  in  acute  febrile  conditions,  and 
during  and  immediately  after  the  paroxy.'^m  in  intermittent  fever. 

Detection  of  ChlOTiis.—Reagcnls  Required.— i.  Nitric  add. 
2.  Solution  of  silver  nitrate  (t  dram  of  the  crjstalline  salt  to 
the  ounce). 

The  above  solution  of  nitrate  of  silver,  when  added  to  albumin- 
free  urine,  is  capable  of  precipitating  the  chlorids  where  the  urine 
is  first  acidulated  by  adding  a  few  drops  of  nitric  acid.  This 
precipitate  appears  as  an  opaque,  milky-white  chlorid  of  silver. 
Normal  urine  contains  from  j  to  i  per  cent,  of  chlorids. 

Apptkaiion.^i.  Ten  to  15  c.c.  of  urine  free  from  albumin 
(see  Albumin,  page  206)  are  placed  in  a  test-tube,  and  to  it  a  few 
drops  of  nitric  acid  are  added,  the  tube  being  then  shaken. 

2.  Add,  drop  by  drop,  the  silver  solution,  noting  carefully 
any  changes  that  occur. 

Each  drop  of  the  silver  solution  causes  a  curdy,  white  clump 
to  fall  to  the  bottom  of  the  tube,  this  mass  in  normal  urine  not 
becoming  disseminated  upon  shaking  the  tube,  nor  does  it  tend 
to  make  the  entire  liquid  milky. 

Should  the  chlorids  be  reduced  to  0.1  per  cent.,  the  drop 
of  silver  solution  merely  causes  an  opalescence;  while  in  the 
absence  of  chlorids  no  change  is  observed.     A  copious  precipitate 
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is  indicative  of  an  increase  in  the  quantity  of  chlorids  present. 
The  precipitate  due  to  chlorids  is  soluble  in  ammonia,  but  in- 
soluble in  nitric  acid. 

Quantitative  Estimation  of  the  Chlorids. — Salkowski's 
Modification  of  Volhard's  Method. — Reagents  Required. — i.  Pure 
nitric  acid,  specific  gravity  1.2. 

2.  Concentrated  solution  of  double  sulphate  of  iron  and  am- 
monia free  from  chlorin  (may  be  freed  from  chlorin  by  recrystal- 
lization). 

3.  Saturated  solution  of  nitrate  of  silver  (29.075  gm.  to  the 
liter) ;  i  c.c.  of  such  solution  corresponds  to  o.oi  gm.  of  sodium 
chlorid.    The  crystallized  salt  should  be  employed. 

4.  Sulphocyanid  of  potassium  or  of  ammonium  dissolved 
in  water  6^  gm.,  adding  water  sufficient  to  make  400  c.c. 
(2.5  c.c.  of  this  solution  correspond  to  10  c.c.  of  the  standard 
silver  solution). 

The  following  method  may  be  employed  for  standardizing 
the  sulphocyanid  solution: 

Ten  c.c.  of  silver  solution  (3)  are  placed  in  a  flask  and  90  c.c. 
of  water  added.  Four  c.c.  of  nitric  acid  (i)  are  now  added; 
and  finally  5  c.c.  of  the  double  sulphate  solution  (2).  After  the 
mixture  is  well  shaken,  the  sulphocyanid  of  ammonium  solution 
is  carefully  added  from  the  buret  until  a  slight  red  color  appears. 
This  process  should  be  repeated  often,  noting  at  each  time  the 
quantity  of  sulphocyanid  solution  necessary,  and  the  mean  ob- 
tained. Based  upon  these  results  the  sulphocyanid  solution  is 
diluted  to  a  point  so  that  2.5  c.c.  correspond  to  i.o  c.c.  of  the 
silver  solution.  Should  the  reaction  (red  color)  appear  after  20 
c.c.  of  the  sulphocyanid  solution  are  added,  the  following  formula 
serves  to  determine  the  quantity  of  water  to  be  added  to  one  liter 
— 20  :  25  ::  1000  :x  (x  equals  1250),  therefore  250  c.c.  of  water 
are  added  in  order  that  25  c.c.  shall  corresp)ond  fo  10  c.c.  of  the 
silver  solution. 

Application. — i.  Ten  c.c.  of  the  urine  previously  freed  from 
albumin  are  placed  in  a  flask  of  100  c.c.  capacity. 

2.  Add  50  c.c.  of  water. 

3.  Then  add  4  c.c.  of  the  nitric  acid  (i)  and  follow  with  an 
excess  (15  c.c.)  of  the  silver  nitrate  (3). 

4.  The  mixture  is  now  vigorously  shaken  until  the  precipita- 
tion is  completed  and  the  fluid  begins  to  clear,  when  enough  water 
is  added  to  make  100  c.c. 

5.  Filter  through  a  dry  paper  into  a  flask  holding  80  c.c. 

6.  These  80  c.c.  of  fluid  are  now  transferred  to  a  flask  of  250 
c.c.  capacity. 
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7.  Five  c.c.  of  the  solution  of  the  double  sulphate  of  iron  and 
ammonia  (2)  are  added. 

8.  The  sulphocyanid  solution  of  ammonia  (4),  25  c.c.  of  which 
equal  10  c.c.  of  silver  nitrate  (3),  is  slowly  added  from  the  buret 
(Fig.  71)  until  the  terminal  reaction  (a  red  color)  is  obtained  and  does 
not  disappear  on  shaking. 

The  excess  of  silver  solution  not  needed  to  precipitate  the 
chlorids  from  10  c.c.  of  urine  is  now  estimated  volumetrically 
by  the  sulphocyanid  of  ammonium  solution,  2.5  c.c.  of  which 
correspond  to  i.o  c.c.  of  the  silver  solution:  There- 
fore should  12.5  c.c.  of  sulphocyanid  solution  be 
required  to  produce  the  terminal  reaction,  then 
there  were  5  c.c.  of  the  silver  solution  not  employed 
in  precipitating  the  chlorids  from  the  10  c.c.  of 
urine.     Since  15  c.c.  of  silver  solution  were  added 
and  5  c.c.  were  found  to  be  in  excess,  it  required 
10  c.c.  to  precipitate  the  chlorids  from  10  c.c.  of 
urine. 

Again:  i  c.c.  of  silver  solution  corresponds 
to  o.oi  gm.  of  sodium  chlorid,  and  since  10  c.c. 
of  silver  solution  have  been  required,  o.i  gm.  of 
sodium  chlorid  being  present  in  the  10  c.c.  of 
urine,  100  c.c.  would  therefore  contain  i.o  gm. 
Judging,  for  example,  the  twenty-four  hours'  pro- 
duct to  have  equaled  800  c.c,  there  would  there- 
fore have  been  excreted  during  the  twenty-four 
hours  8  gm.  of  sodium  chlorid. 

PHOSPHATES. 

Under  normal  conditions  the  urine  of  the 
twenty-four  hours'  product  will  be  found  to  con-  p-  71  lone-hun- 
tain  from  2.5  to  3.5  gm.  of  phosphoric  acid.  This  drcd  c.c.  buret, 
is  derived  in  most  part  from  the  food;  a  small 
portion  is  referable,  however,  to  that  stored  up  in  proteid  mole- 
cules in  the  nerve-cells,  muscle-cells,  red  blood-cells,  and  the 
bones.  Nerve  tissue  which  is  rich  in  lecithin  and  in  nucleins 
yields  much  phosphorus,  which  is  found  both  in  combination  with 
the  alkaline  earths  (earthy  phosphates)  and  with  the  alkalis 
(alkaline  phosphates).  Of  these,  the  alkaline  phosphates  are  in 
excess  by  one-third.  Sodium  enters  into  combination  with  the 
greater  portion  of  the  phosphoric  acid,  potassium,  calcium,  and 
magnesium  salts  in  a  small  amount,  and  glycerin  as  glycerin- 
phosphoric  acid  only  in  a  trace. 
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Earthy  Phosphates.— Eanhy  phosphates  are  phosphates  of 
calcium  and  of  magnesium  and  exist  in  the  proportion  of  a  to 
67.  There  are  from  i.o  to  1.5  gra.  excreted  during  the  iwenty- 
four  hours.  Tiiey  are  insoluble  in  water,  but  soluble  in  acids, 
and  are  held  in  solution  in  acid  urines;  while  in  urines  alkaline 
the  result  of  fermentative  changes,  ammonia  is  set  free  by  the  de- 
composition of  urea,  and  unites  with  theacid  magnesium  phosphates, 
fomaing  characteristic  crystals  (triple  phosphates).    (Fig.  106.) 

Caulion.—Oo  not  mistake  the  precipitate  which  forms  upon 
the  application  of  heat  to  such  urines  for  that  of  serum -albumin, 
which  it  closely  resembles,  nor  for  clouding  the  result  of  inflam- 
matory exudates  from  the  urethra  or  bladder.  The  opacity  caused 
by  phosphates  clears  upon  the  addition  of  acids. 

Alkaline  Phosphates. — Alkaline  phosphates  consist  of  the 
acid  phosphates  of  sodium  and  phosphates  of  potassium — the 
former  being  abundant,  the  latter  scant.  They  are  freely  soluble 
in  water  and  in  alkalis.  Two  to  4  gm.  are  excreted  during 
the  twenty-four  hours.  The  acidity  of  the  urine  depends  upon 
the  quantity  of  diacid  sodium  phosphate  (NaH,POj  present. 
This  salt  also  helps  to  hold  in  solution  the  calcium  phosphates  of 
acid  urines. 

As  has  been  previously  stated  of  chlorids,  the  phosphates  are 
increased  by  the  ingestion  of  large  quantities  of  liquids,  food, 
animal  diet,  during  starvation  and  increased  tissue  destruction, 
reaching  the  maximum  toward  evening,  falling  gradually,  and 
reacliing  the  minimum  about  midnight.  Morbid  conditions  may 
cause  either  an  increase  or  a  diminution  in  the  total  amount  of 
phosphates. 

Increase. — .\n  increase  is  noted  in  leukemia,  convalescence 
from  acute  fevers,  diabetes  insipidus,  diabetes  mellitus  (phos- 
phates appearing  in  inverse  ratio  to  the  quantity  of  sugar),  and 
during  the  febrile  stage  of  cerebrospinal  meningitis,  mania  (stage 
of  e-xcitement),  tabes  dorsalis,  cerebral  tumor,  and  arthritis  de- 
formans. 

Drags. — Such  drugs  as  are  cerebral  depressants,  maximum 
doses  of  alcohol,  morphin,  chloral,  chloroform,  mineral  and 
vegetable  acids,  and  potassium  bromid,  also  cause  an  increased 
elimination,  as  do  hot  baths  and  e.xposurc  to  a  low  temperature. 

Diabetes.— Phosphatic  diabetes  has  at  times  been  used  to 
distinguish  an  increased  elimination  of  phosphates  reaching  a 
maximum  of  9  gm.  during  the  twenty-four  hours,  and  associated 
with  many  of  the  symptoms  of  diabetes  mellitus.  Sugar  is  rarely 
present. 

Decrease. — Phosphates    are    diminished    in   acute   fevers, — 
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probably  due  to  retention, — being  most  marked  prior  to  death; 
likewise  in  chronic  nephritis,  amyloid  Itidncy,  anemias,  Addison's 
disease,  osteomalacia,  major  hysteria,  chronic  rheumatism,  acute 
iheumalism,  chronic  lead  intoxication,  acute  yellow  atrophy, 
hepatic  cirrhosis,  and  in  many  of  the  chronic  nervous  dis- 
eases {hydrocephalus,  progressive  paralysis,  cerebral  syphilis). 
In  mania  (stage  of  depression)  and  in  melancholia  the  alkaline 
phosphates  diminish,  while  the  earthy  phosphates  increase. 

Drugs  and  Baths. — Certain  drugs,  as  quinin  and  cocain,  are 
Jollowed  by  a  decrease;  while  a  relali\'e  decrease  follows  the  use 
of  strjxhnin,  alcohol,  valerian,  phosphoric  acid,  cold  baths,  and 
sea-bathing. 

Detection  of  Earthy  Phosphates.— Render  10  c.c.  of  urine 
alkaline  by  adding  either  causiic  soda,  potash,  or  ammonia; 
heat  gently,  when  the  phosphates  will  be  precipitated  as  a  whitish 
cloud  which  collects  at  the  bottom  of  the  lube.  This  precipi- 
tate is  s*)luble  in  acetic  acid. 

Estimation  of  Earthy  Phosphates  (Approximate). — Ultz- 
mann's  Method. — A  special  graduated  test-tube  two  centimeters 
wide  is  required. 

1.  This  tube  is  filled  with  urine  to  a  depth  of  5.33  cm. 

2.  Add  a  few  drops  of  ammonium  or  potassium  hydrate,  and 
apply  heat  gently,  when  the  earthy  phosphates  are  precipitated. 

3.  The  tube  is  allowed  to  stand  for  fifteen  to  twenty  minutes, 
and  the  depth  of  the  sediment  as  registered  by  the  tube  is  taken. 
A  depth  of  from  i  to  ij  centimeters  equals  the  normal  amount. 
Should  the  sediment  register  above  or  below  these  points,  there 
is  either  an  increase  or  a  decrease  in  the  earthy  phosphates. 

Most  urines  which  are  alkaline  as  the  result  of  decomposition 
display  a  heavy  sediment  of  earthy  phosphates. 

Caution. — Do  not  mistake  such  sediment  foran  excess  of  phos- 
phates, as  it  is  frequently  seen  in  urine  deficient  in  earthy  phos- 
phates. 

Clinical  Significance.— Earthy  phosphates  are  increased 
in  osteomalacia,  rickets,  rheumatoid  arthritis,  cerebral  disorders, 
mental  strain,  ami  by  food  and  drink.  A  decrease  is  observed 
in  renal  disease. 

Detection  and  Estimation  of  Alkaline  Phosphates  (Ap- 
proximate).— Reagent. — Magnesium  fluid  (magnesium  sulphate 
and  ammonium  chlorid,  each,  1  part;  distilled  water,  8  parts; 
pure  liquor  ammonia,  i  part). 

Earthy  phosphates  are  precipitated  by  ammonia  and  readily 
removed  by  filtration:  butsincetheirclinical  importance  is  limited, 
iheir  removal  is  not  always  required. 
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A pplkalion. — i.  Fifty  c.c.  of  the  urine  are  placed  in  a  test- 
glass  and  to  it  5  c.c.  of  the  magnesium  solution  are  added,  shaking 
gently, 

2.  .\  snowy  deposit  of  crystalline  ammoniomagnesium  phos- 
phate and  of  amorphous  calcium  phosphate  appears.  Should  the 
entire  liquid  have  the  appearance  of  milk,  the  alkaline  phos- 
phates arc  normal  in  amount;  the  appearance  of  cream  indicating 
an  excess,  while  a  faint  cloud  or  opalescence  is  indicative  of  a 
decrease. 

Clinical  Significance. — The  reader  is  referred  to  general  re- 
marks, page  181. 

Estimation  of  Phosphoric  Acii.—ReagetUs.—i.  .-Vcelate  of 
soda  solution  (100  gm.  of  acetate  of  soda  are  dissolved  in  800  c.c. 
of  distilled  water;  100  c.c.  of  a  30  per  cent,  solution  of  acetic 
acid  are  added,  and  enough  distilled 
water  to  make  1000  c.c). 

2.  Potassium  ferrocyanid  (saturated 
solution),  or  cochineal  tincture  (a  few 
grams  of  cochineal  in  a  25  per  cent. 
solution  of  alcohol). 

3.  Uranium  solution  (take  20.3  gm. 
of  commercial  uranium  nitrate,  purified 
and  well  dried,  and  dissolve  in  a  small 
quantity  of  acetic  or  nitric  acid;  add 
distilled  water  to  make  1  liter).    One  c.c. 

_  indicates  5  mgm.  of  PjOj. 

"°'" '  Applkafion. — i.  Fifty   c.c.    of    urine 

are  placed  in  a  beaker  (Fig.  72)  and  5  c.c.  of  soda  solution  (i) 
added. 

2,  A  few  drops  of  the  cochineal  tincture  {2)  are  now  added,  and 
the  mixture  heated  vigorously  over  a  water-bath. 

3.  The  uranium  solution  (3)  is  now  gradually  added  from 
a  buret  until  a  slight,  but  permanent,  green  color  is  established. 

The  terminal  or  color  reaction  develops  after  all  the  phosphoric 
acid  has  been  precipitated  by  the  uranium  solution.  When 
ferrocyanid  of  potassium  is  used  as  the  indicator,  a  reddish-brown 
color  appears.  Whenever  the  precipitate  ceases  to  form,  the  ad- 
dition of  the  uranium  solution  is  suspended,  the  mixture  stirred, 
and  a  drop  placed  on  a  porcelain  dish,  and  to  it  a  drop  of  fer- 
rocyanid solution  added.  Should  no  reddish-brown  color  appear 
at  the  point  of  contact,  the  uranium  solution  and  heat  are  con- 
tinued. 

The  number  of  cubic  centimeters  of  uranium  solution  em- 
ployed when  multiplied  by  0.005  equals  the  amount  of  phosphoric 
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acid  contained  in  the  50  ex.  of  urine.     From  this  result  the  quan- 
tity eliminated  for  the  twenty-four  hours  is  readily  calculated. 


SULPHATES. 

Sulphuric  acid  exists  in  the  urine  both  as  mineral  (preformed) 
sulphates  and  as  ethereal  (conjugate)  sulphates.  In  a  healthy 
individual  the  total  excretion  of  sulphates  through  the  urine  for  the 
twenty-four  hours  varies  from  2  to  3  gm. — less  than  one-tenth  of 
which  is  ethereal  sulphates.  The  quantity  of  sulphates  excreted  is 
greatly  influenced  both  by  the  amount  of  proteid  substance  ingested 
and  by  the  rapid  destruction  of  the  tissues. 

Increase* — ^An  increased  elimination  is  observed  after  a 
diet  of  animal  proteids,  in  acute  fevers,  pneumonia,  myelitis, 
cerebritis,  rheumatism,  aflFections  of  the  muscles,  and  especially 
in  meningitis.  In  diabetes  mcUitus,  diabetes  insipidus,  eczema, 
pseudohypertrophic  paralysis,  progressive  muscular  atrophy,  and 
leukemia,  an  increase  appears  and  is  especially  marked  in  the 
latter  condition. 

Drugs. — Morphin,  potassium  bromid,  sodium  salicylate,  and 
antifebrin  also  cause  an  increased  elimination. 

Ethereal  Sulphates. — Ethereal  or  conjugate  sulphates  are 
found  increased  during  certain  pathologic  conditions  associated 
with  diminished  hydrochloric  acid;  hence  intestinal  fermenta- 
tion; obstructive  jaundice  and  intestinal  obstruction  cause  an 
increase.  The  normal  ratio  of  mineral  to  ethereal  sulphates  is 
as  10  is  to  I,  and  is  found  to  vary  widely  in  disease. 

Diminution. — ^The  total  sulphates  are  found  diminished 
when  upon  a  vegetable  diet,  during  convalescence,  in  chronic 
renal  disease,  non-obstructive  jaundice,  diarrhea,  and  during 
star\'ation.  A  strongly  acid  gastric  fluid  (due  to  lactic  and  butyric 
acids)  and  alcoholic  excesses  may  cause  a  diminished  elimina- 
tion of  the  ethereal  sulphates. 

Detection  and  Approximate  Estimation. — Reagents, — i. 
Solution  of  barium  chlorid  (i  part  to  8). 
2.  Acetic  acid  (specific  gravity,  1.04). 
Application, — i.  Place  10  c.c.  of  urine  in  a  test-tube. 

2.  Acidify  with  acetic  acid. 

3.  Add  about  3  c.c.  (one-third  volume)  of  barium  chlorid 
solution — I  c.c.  at  a  time,  shaking  gently  after  each  addition. 

Reaction, — A  white,  milky  precipitate  indicates  the  presence 
of  sulphates  in  normal  amounts;  but  should  the  liquid  assume 
the  consistence  of  cream,  sulphates  are  present  in  excess.  If  the 
liquid  becomes  opalescent,  sulphates  are  diminished. 
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Quantitative  Estimation  of  Total  Sul^hatcB.— Reagents. — 

1.  Hydrochloric  acid  (specific  gravity,  1.12). 

2.  Saiuratcd  solution  of  barium  chiorid. 

Appiicalion. — 1.  One  hundred  c.c.  of  filtered  urine  are  placed 
in  a  beaker  and  treated  with  8  c.c.  of  hydrochloric  acid  (i),  and 
heated  over  a  water-bath  to  boiling. 

2.  Twenty  c.c.  of  barium  chiorid  solution  (2)  are  now  added, 
and  heat  continued  until  the  barium  has  thoroughly  settled  as 
barium  sulphate,  and  the  supernatant  liquid  is  clear  (occupying 
from  twenty  to  forty  minutes). 

3.  Filter  through  a  Gooch  funnel  (Fig.  73)  that  is  provided  with 
a  plug  of  asbestos;   all  having  been  dried  and  weighed. 

4.  Small  quantities  of  water  are  to  be  added  to  the  last  cubic 
centimeter,  and  the  final  portion  is  placed 
upon  the  filter  by  means  of  a  rubber-tipped 
glass  rod. 

Caution. — Never  allow  the  filter  to 
become  dry  during  filtration. 

5  Wash  the  precipitate  with  boiling 
water  until  the  wash-water  is  clear  and 
remains  clear  after  a  drop  of  dilute  sul- 
phuric acid  has  been  added. 

6  Remove  all  gum-like  substances  by 
wtshmg  with  hot  alcohol  (70  per  cent.}. 

7  Fill   the  filler  two  or  more  times 
Fig.  Tj.-<  ju  h  niirt  or  lu  nti      w  ith  ether.     When  a  paper  filter  has  been 

emplovcd,  it  is  placed  in  a  porcelain 
crucible  of  known  weight  and  ignited.  The  crucible  is  nearly 
covered  by  the  lid  ind  the  ash  heated  moderately  for  a  time.  It 
is  then  half  covered  and  hcate<I  further  until  the  ash  becomes 
white,  and  after  cooling  the  crucible  is  placed  in  a  desiccator  and 
weighed.  The  difference  between  the  first  and  second  weights 
equals  the  weight  of  barium  sulphate  found  in  100  c.c.  of  urine. 
A  portion  of  sulphate  is  reduced  through  combustion  in  the 
presence  of  organic  matter,  so  that  the  weight  obtained  is  too 
low;  therefore  wash  the  barium  sulphate  into  a  beaker  with  a  small 
quantity  of  water  colored  red  by  a  few  drops  of  an  alcoholic  solu- 
tion of  phenolphthalein.  This  liquid  is  titrated  with  a  one-tenth 
normal  solution  of  sulphuric  acid  until  the  red  color  disappears. 
Each  cubic  centimeter  of  the  one-tenth  normal  solution  corre- 
sponds to  0.004  gt"-  of  barium  sulphate.  The  figure  obtained 
in  this  manner  is  added  to  that  acquired  by  weighing,  and  the 
amount  equals  the  total  barium  sulphate  derived  from  100  c.c. 
of  urine. 
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Quantitative  Estimation  of  the  Ethereal  (Conjugate) 
Sulphates* — Reagent. — Alkaline  solution  of  barium  chlorid. 

Dilute  hydrochloric  acid. 

Applicaiian. — i.  Place  100  c.c.  of  filtered  urine  in  a  beaker; 
add  100  c.c.  of  barium-chlorid  solution,  and  stir  thoroughly. 

2.  After  standing  a  few  minutes  filter  into  a  graduate  up  to 
the  loo-c.c.  mark. 

3.  Acidify  strongly  with  dilute  hydrochloric  acid  and  boil  on 
a  water-bath  until  the  barium  sulphates  which  form  settle. 

4.  Filter,  wash,  dry,  and  weigh  precipitate  (see  above). 
The  weight  thus  gained  is  multiplied  by  two  and  the  product 

equals  the  ethereal  sulphates  in  100  c.c.  of  urine,  and  when  this 
is  deducted  from  the  amount  of  total  sulphate  formed,  the  difference 
will  equal  the  amount  of  mineral  (preformed)  sulphates. 

Estimation  of  Neutral  Sulphur. — ^The  oxidized  sulphur, 
mineral  and  ethereal  sulphates  are  estimated  as  before  described, 
and  the  difference  between  the  sum  of  these  and  total  amount  of 
sulphur  equals  the  amount  of  neutral  sulphur  present. 

Reagents. — i.  Mixture  of  sodium  and  potassium  carbonate 
(11  to  14). 

2.  Potassium  permanganate  (crystalline). 

3.  Concentrated  hydrochloric  acid. 

4.  Saturated  solution  of  barium  chlorid. 

Application. — i.  One  hundred  c.c.  of  urine  are  treated  with 
12  gm.  of  sodium-potassium-carbonate  mixture,  and  evaporated 
to  dryness  in  a  nickel  crucible. 

2.  Fuse  the  residue,  cool,  and  extract  with  hot  water. 

3.  Filter  off  the  carbonaceous  residue. 

4.  Treat  the  filtrate  and  washings  with  a  few  cr\'stals  of  potas- 
sium permanganate  and  heat  for  fifteen  minutes,  when  more 
potassium  j>ermanganate  is  added,  and  heat  continued;  should 
the  solution  become  decolorized,  the  heat  is  prolonged  fifteen 
minutes  longer. 

5.  Add  concentrated  hydrochloric  acid  until  a  decided  acid 
reaction  is  obtained. 

6.  Boil  this  solution  and  treat  with  20  c.c.  of  the  barium- 
chlorid  solution,  and  proceed  further  as  described  under  the 
Estimation  of  Total  Sulphates  (page  186). 

Loosely  Combined  Sulphur  in  the  Urine. — This  is  a  factor 
many  chemists  regard  as  a  pre-eminent  feature  which  distinguishes 
Bence- Jones'  albumose  from  the  digestive  albumoses,  as  well  as 
as  from  histon  and  globin  (see  Albumosuria,  page  217). 

The  Author's  Method.* — i.  Fifteen  to  20  c.c.of  filtered  urine 

♦  "Amer.  Jour.  Med.  Sci.,"  Oct.,  1902,  p.  567. 
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are  placed  in  a  test-tube,  and  to  it  an  equal  quantity  of  a  saturated 
solution  of  sodium  chlorid  is  added,  shaking  the  tube  to  insure  a 

mingling  of  the  liquids. 

2.  Two  or  three  c.c,  of  a  30  per  cent,  solution 
of  caustic  soda  are  now  added,  the  shaking  con- 
tinuing vigorously. 

3.  The  upper  one-fourth  of  this  column  of 
hquid  is  gradually  heated  over  a  flame  to  the 
boiling-point,  when  a  solution  of  lead  acetate  (10 
per  cent,}  is  added  drop  by  drop,  the  upper 
stratum  of  liquid  being  boiled  after  each  addi- 
tional drop. 

4.  When  the  drop  of  lead  solution  comes  in 
contact  with  the  liquid,  a  copious,  pearly  or 
creamy,  cloud  appears  at  the  surface,  becoming 
less  dense  as  the  boiling-point  is  neared;  and 
when  ebullition  is  prolonged  for  from  one-half 
to  one  minute,  the  upper  portion  of  the  liquid 
shows  slight  browning,  which  deepens  to  a  dull 
black  color,  as  shown  by  the  accompanying  illus- 
tration (Fig.  74). 

Below  this  point  for  some  distance  is  seen 
a  variable  degree  of  browning  (j).  Standing 
intensifies  the  reaction,  and  if  this  be  pro- 
longed for  several  hours,  the  black  precipitate 
falls  through  the  clear  stratum  of  liquid  (3), 
collecting  in  the  bottom  of  the  tube  as  a  coarsely 
granular  pigment.  Personally,  this  method  has 
been  employed  in  the  study  of  four  cases  of 
Bence- Jones'  albumosuria — dilution,  i  part  in  10, 
and  often  a  much  higher  dilution  gave  positive 
results. 

Another  method  worthy  of  mention  is  to 
place  a  quantity  of  urine  in  a  beaker  and 
heat  on  a  water-batli  to  from  54°  to  60°  C, 
then  cool  and  filter.  The  precipitate  collected 
is  dissolved  by  washing  with  a  solution  of  soda 
(specific  gravity,  1.16).  The  precipitate  is 
now  heated  to  the  boiling-point,  when  a  10 
per  cent,  solution  of  lead  acetate  is  added  drop 
by  drop,  and  the  boiling  continued.  The 
creamy  precipitate  which  first  appears  soon 
,  shows  evidence  of  browning  and  changes  later 
to  dull  black. 
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CEPTTRIFUGAL  ANALYSIS. 


This  method  of  determining  the  quantity  of  inoi^anic  sub- 
stances present  in  the  urine,  while  only  approximately  estimating 
the  chlorids,  phosphates,  and  sulphates,  gives  results  which  ap- 
proach accuracy  as  nearly  as  is  required  in  most  clinical  work. 
Its  daily  use  in  the  author's  laboratories  has  proved  it  to  be  of  effi- 
cient service  and  worthy  of  special  mention,  since  it  is  possible 
through  it  to  estimate  in  twenty  minutes  the  inorganic  constituents 
of  a  given  urine. 

The  equipment  necessary  is  a  centrifuge  {Fig.  75)  with  a  stand- 


ard radius  of  arm  and  tube,  capable  of  a  speed  of  laoo  revolutions 
per  minute,  and  Purdy's  graduated  percentage  tubes  (Fig,  76). 

Estimation  of  Chlorids.— Fill  the  tube  with  filtered  urine 
to  ihc  lo-c.c.  mark,  anr]  add  1  c.c.  of  strong  nitric  acid  and  4  c.c. 
of  ihc  standard  silver-nilrate  solution  (AgN,,  .5j,  distilled  water, 
.5j).  Place  the  thumb  over  the  mouth  of  the  tube  and  invert 
it  three  or  four  times  to  effect  a  complete  mingling  of  the  urine 
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and  reagents.  Allow  it  to  stand  for  three  minutes  and  then 
place  in  the  centrifuge  at  the  speed  indicated  for  three  minutes, 
when  the  amount  of  precipitate  is  read.  By  consulting  the 
accompanying  table  (which  was  devised  by  the  late  Dr.  Purdy) 
the  amount  of  AgCl  present  can  be  determined. 

TABLE    FOR   THE   ESTIMATION   OF  CHLORIDS   AFTER   CEN- 

TRIFUGATION. 

Showing    the  bulk- percentage    oj   silver  chlorid  (AgCl)  and  the  corresponding 
gravimetric  percentages  and  grains  per  fluidounce  of  sodium  chlortd 

{NaCl)  and  chlorin  (CI).— {Purdy.) 
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Bulk -percentage  to  be  read  on  the  side  of  the  tube. 

Estimation  of  Phosphates. — Proceed  as  in  the  estimation 
of  chlorids,  except  to  add  2  c.c.  of  50  per  cent,  acetic  acid  and 
3  c.c.  of  a  5  per  cent,  uranium- nitrate  solution.  The  bulk-percent- 
age of  uranyl  phosphate  (HfU.OjlPOJ  is  read  and  calculated 
in  accord  with  the  table  for  phosphates. 
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TABLE  FOR  THE  ESTIMATION  OF  PHOSPHATES  AFTER  CEN- 

TRIFUGATION. 

Showing    hulk-percentages  of    uranyl   phosphate    (H[UO^POt)  and    the  corre- 
sponding gravimetric  percentages  and  grains  per  ounce  of 
phosphoric  acid  {PjOi).^{Purdy.) 
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Bulk-|>crcentage  to  be  read  from  graduation  on  the  side  of  the  tube. 

Estimation  of  Sulphates. — Proceed  as  in  estimating  chlorids, 
except  to  add  5  c.c.  of  barium-chlorid  mixture  (barium  chlorid 
4  parts,  strong  hydrochloric  acid  i  part,  distilled  water  16  parts). 
The  precipitate  of  barium  sulphate  (BaSOJ  is  estimated  by  the 
table  for  sulphates. 

TABLK  FOR  THE    ESTIMATION  OF    Sl'LPH.XTES    AFTER    CEN- 

TRIFICATION. 

Showing  the  bulk- percentages  of  barium  sulphate  {^BaSO^^  and  the  corresponding 
gravimetric  percentages  and  grains  per  jluidounce  of  sulphuric 

acid  {SO^).—{Purdy.) 
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Bulk-}K*ricntagt*  to  Ik^  read  fnim  graduation  on  the  side  of  the  tube. 
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Should  the  bulk -percentage  exceed  15  per  cent.,  the  urine  should 
be  diluted. 

For  description  of  WetheriU's  method  of  torfugation  see  p.  528. 


UREA. 
Urea  is  the  most  abundant  of  all  the  smgle  constituents  of 
normal  urine,  20  to  40  gm.  (300  to  600  gr.)  being  excreted  by 
a  healthy  man  of  average  weight  during  the  twenty-four  hours. 
The  greater  portion  of  nitrogen  taken  with  the  food  is  excreted 
through  the  urine  as  urea;  therefore  retrograde  tissue  metamor- 
phosis and  the  unassimilated  principles  of  nitrogenous  foods 
directly  influence  the  elimination  of  urea. 

Urea,  CO(NH,),,  when  crystalline,  appears  as  colorless,  quadri- 
lateral or  hexagonal,  silky-  prisms,  with  rather  oblique  ends; 
or,  when  rapidly  crystallized, 
as  delicate  needles.  These 
crystals  are  permanent  in  air, 
but  soluble  in  water.  When 
treated  with  nitric  acid,  nitrate 
of  urea  {CON,H,HNO,)  is 
formed  as  hexagonal,  octa- 
hedral, or  lozenge-shaped 
crystals,  not  freely  soluble  in 
water. 

At  100*  C.  urea  gives  evi- 
dence of  decomposition  and 
melts  at  130"  to  132°  C.  Dur- 
ing decomposition  biuret  is 
formed  (sec  Biuret  Reaciion, 

'%miox\-;u;;:',;iu;e'aVr™%Th^TrMo^^^^       page  217). 

Approximately 8g  percent. 
of  the  nitrogen  eliminated  in  the  urine  is  found  in  the  form  of 
urea;  the  remaining  nitrogen  consisting  of  uric  acid,  kreatinin, 
hip]»uric  acid,  and  xanthin  bases.  It  is  impossible,  however,  to 
csiimate  the  destructive  tissue-changes  taking  place  in  the  body 
from  the  quantity  of  urea  eliminated. 

The  mean  amount  for  healthy  men  between  twenly  and  forty 
years  is  33.18  gm.  {512.4  gr.),  and  is  0.015  100.035  gm.  _  per 
hour  for  each  kilogram  (approximately  2  pounds)  of  body-weight. 
Women  cxcreic  less  urea  than  men,  while  children  excrete  propor- 
tionatL'ly  morL-  than  either  men  or  women. 

Increase. — .\n  increased  eliminafion  of  urea  is  observed  in 
the  acute  febrile  diseases  and  is  due  lo  increased  tissue-destruction; 
— 50  i^m.  arc  frequently  excreted  in  twenty-four  hours  both  during 
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the  fastigium  as  well  as  at  the  time  of,  and  following,  the  crisis. 
Such  non-febrile  conditions  as  diabetes  mellitus,  dyspnea,  perni- 
cious anemia,  scurvy,  leukemia,  paralysis  agitans,  minor  chorea, 
epilepsy,  gastro-intestinal  disorders,  functional  albuminuria;  as 
well  as  the  following  drugs — caffein,  ammonium  chlorid,  potassium 
chlorid,  morphin,  codein,  and  carbonate  of  lithia — cause  an  in- 
creased excretion  of  urea.  An  increase  also  follows  phosphorus- 
poisoning  and  the  application  of  electricity. 

Decrease. — ^A  decreased  elimination  of  urea  is  encountered 
in  acute  yellow  atrophy.  It  may  even  be  absent  and  such  other 
nitrogenous  bodies  as  leucin  and  tyrosin  found  in  its  stead. 
Hepatic  cirrhosis  and  carcinoma,  WeiFs  disease  (a  peculiar  form 
of  infectious  jaundice),  chronic  plumbism,  chronic  rheumatism, 
chronic  nephritis,  osteomalacia,  general  paresis,  melancholia, 
hysteric  outbreaks,  catalepsy,  Addison's  disease,  and  chronic 
alcoholism  display  a  decreased  elimination,  possibly  of  a  nervous 
character.  It  has  been  noted  in  leprosy  and  in  impetigo.  In- 
hibited hepatic  circulation,  or  excretion  and  destruction  of  liver 
tissue  with  gastro-intestinal  derangements,  play  important  r6les 
in  diminishing  the  elimination  of  urea. 

Ratio. — ^The  proportionate  relation  existing  between  the 
elimination  of  urea,  phosphates,  and  chlorids — the  latter  equaling 
about  one-half  that  of  the  urea  during  health — will  often  be  found 
of  interest. 

Quantitative  Estimation  of  Urea. — A  number  of  methods 
have  been  devised  for  the  estimation  of  urea  in  the  urine,  which 
with  but  few  exceptions  depend  upon  its  decomposition  and  the 
estimation  of  the  nitrogen  evolved  during  this  process,  or  by  the 
difference  in  density  of  the  urine  before  decomposition  and  after 
it  is  completed. 

Hypobromite  Method. — ^This  is  by  far  the  most  practical 
method  for  clinical  purposes,  despite  the  moderate  degree  of  error 
to  which  it  is  liable,  as  it  is  based  upon  the  decomposition  of  urea 
into  carbon  dioxid  and  nitrogen  when  in  the  presence  of  sodium 
hypobromite.  The  excess  of  sodium-hydrate  solution  absorbs 
the  COj,  leaving  only  the  nitrogen  to  be  estimated. 

Reagents. — i.  NaOH  100  parts,  and  H^O  250  parts. 

2.  Bromin  i  part,  KBr  i  part,  11,0  8  parts.  Mix  these 
solutions  in  proportions  of  one  part  of  No.  2  to  four  parts  of  No.  i. 

The  hypobromite  solution  (dissolve  100  gm.  of  caustic  soda  in 
250  c.c.  of  water  and  permit  to  stand  until  it  is  cool,  when  25 
c.c.  of  bromin  are  added)  if  placed  in  amber  or  green  glass- 
stoppered  bottles  and  kept  in  a  cool  place,  will  keep  for  a  fort- 
13 
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night.  Many  writers  prefer  a  much  weaker  solution;  while 
others  again  have  two  solutions,  and  mix  them  together  when 
needed.  It  is  with  this  latter  method  that  I  have  obtained  the 
most  satisfactoF}'  results. 

A  number  of  forms  of  apparatus  have  been  devised,  but  the 
one  which  appears  to  be  most  convenient  is  that  lately  recom- 
mended by  Doremus  (Figs.  78,  79). 

Procedure. — i.  A  small  amount  of  urine  is  placed  in  tube  (c) 


FiR.  70— Him1»'  mcnlificnlinTi  of  ihr  Dore- 


— Stop-cock  (b)  closed — and  the  slop-cock  is  opened  for  a  moment 
and  then  closed  in  order  to  fill  its  lumen, 

2.  Notice  that  both  tubes  are  now  free  from  urine,  and  fill 
tube  (ci)  with  the  hypobromiie  solution. 

3.  Next  place  the  urine  in  tube  (c). 

4.  The  slop-cock  is  now  turned  slightly  and  the  urine  is 
allowed  to  mingle  slowly  with  the  hyjtobromite  solution  until 
one-half  or  one  c.c.  has  passed  from  (f)  lo  (a).  The  nitrogen 
generate*!  is  collected  at  the  top  of  (a).  The  degrees  graduated 
indicate  the  amount  of  urea  {in  grams  or  grains)  in  the  quantity 
of  urine  employed. 

Caulion. — Should  ihc  urine  be  concentrated,  a  dilution  of 
one  part  of  urine  in  4  or  even  in  10  parts  of  water  will  give  more 
constant  readings,   which  are  lo  bo  multiplied  by  the  amount  of 
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dilution  used.  Again,  thermic  fluctuations  are  known  to  influence 
the  reading  slightly,  but  for  clinical  purposes  this  is  not  worthy 
of  consideration. 

Estimation  of  Total  Nitrogen. — The  method  suggested  by 
Kjeldahl  will  serve  as  one  convenient  for  this  purpose;  the  first 
step  being  to  decompose  the  organic  matter  by  means  of  sulphuric 
acid,  when  all  nitrogen  not  in  combination  with  oxygen  is  con- 
verted into  ammonia.  An  excess  of  sodium  hydrate  is  now  added 
and  distilled,  received  into  a  known  quantity  of  titrated  acid,  and 
the  excess  again  titrated  with  sodium  hydrate;  thus  ascertaining 
the  amount  of  ammonia  requisite.  Since  17  gm.  of  ammonia 
correspond  to  14  gm.  of  nitrogen,  the  quantity  of  nitrogen  is 
readily  ascertained. 

Reagents. — i.  Gunning's  mixture — 15  c.c.  concentrated  sul- 
phuric acid;  10  gm.  potassium  sulphate;  0.5  gm.  copper  sulphate. 

2.  Solution  sodium  hydrate  (270  gm.  to  1000  c.c,  specific 
gra\ity,  1.243). 

3.  Pulverized  talcum  or  granulated  zinc. 

4.  A  one-fourth  normal  solution  sulphuric  acid. 

5.  A  one-fourth  normal  solution  sodium  hydrate. 
Application. — i.  Ten  c.c.  of  urine  are  placed  in  a  flask  and 

treated  with  reagent  (i).  The  flask  is  placed  at  an  angle  of  45 
degrees  and  heated  just  to  the  boiling-point,  until  the  solution 
is  clear. 

2.  Cool  and  transfer  the  contents  of  the  flask  to  a  retort  with 
the  aid  of  water,  and  treat  with  a  slight  excess  of  sodium  hydrate 
solution  (5)  (40  c.c.  of  which  will  equal  5  c.c.  of  sulphuric  acid). 

3.  Add  a  small  amount  of  talcum  or  granulated  zinc  (3),  con- 
nect retort  with  the  condenser,  and  begin  distillation,  continuing 
until  two-thirds  of  the  solution  has  passed  over.  The  nitrogen 
bulb  into  which  the  distillate  is  received  should  contain  a  definite 
quantity  of  a  one-fourth  normal  solution  of  sulphuric  acid  (4), 
of  which  25  to  35  c.c.  are  usually  required.  Disconnect  the  con- 
denser whenever  the  distillation  is  completed,  and  wash  it  with 
distilled  water,  adding  the  washing  to  the  distillate. 

4.  Add  a  few  drops  of  tincture  of  cochineal  or  phenolphthalein. 

5.  Titrate  the  excess  of  sulphuric  acid  with  the  one-fourth 
normal  solution  of  sodium  hydrate  (5),  and  the  quantity  found  to 
be  present  is  deducted  from  the  30  c.c.  employed.  Continue  the 
titration  until  the  yellow  is  replaced  by  a  rose  color.  The  difi"er- 
ence  multiplied  by  0.0035  equals  the  amount  of  nitrogen  present 
in  the  10  c.c.  of  urine;  but  if,  instead,  the  figure  representing  this 
difi'erence  be  multiplied  by  20,  it  is  equivalent  to  the  amount  of 
urea  present  in  the  10  c.c.  of  urine. 
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URIC  ACID. 

Uric  acid  results  from  the  decomposition  of  a  certain  variety 
of  albuminous  substance — nucleins.  The  nuclear  nucleins  (con- 
taining a  nucleinic  acid  radicle)  appear  to  constitute  the  mother 
substance  of  uric  acid.  Paranucleins  are  known  to  be  deficient 
in  this  particular,  and  they  in  no  way  influence  the  elimination  of 
uric  acid. 

The  daily  elimination  for  normal  man  is  found  to  be  between 
0.2  and  0.5  gm.  Kosscl  has  demonstrated  forms  of  nucleinic  acid 
which  are  known  as  the  xanthin,  alloxur,  or  purin  bases,  and, 
according  to  Fischer,  are  probably  derived  from  purin.  Mono- 
methyl-xanthin  or  heteroxanthin,  dimethyl-xanthin  or  para- 
xanthin,  trimethyl- xanthin,  as  well  as  theophyllin  and  theobromin 
are  also  closely  allied  to  this  group. 

Uric  acid  of  the  urine  may  be  found  to  occur  as  a  compound 
in  which  one  molecule  of  sodium  is  combined  with  two  molecules 
of  uric  acid.  The  conditions  affecting  its  solubility  are  the  quan- 
tity of  water,  presence  of  inorganic  salts,  and  the  reaction  of  the 
urine.  Uric  acid  is  precipitated  from  urines  containing  an  excess 
of  disodic  phosphate.  Such  basic  substances  as  sodium,  am- 
monium, and  potassium  are  known  to  occur  with  uric  acid,  and 
when  these  salts  are  decomposed  by  strong  acids,  uric  acid  is 
set  free.  Uric  acid  in  its  purity  occurs  as  colorless  rhombic 
plates,  but  that  which  precipitates  from  the  urine  is  oftenest  of  a 
reddish-brown  hue  (see  Microscopy,  page  264). 

Increase. — After  the  ingestion  of  such  foods  as  liver,  kidney, 
thymus  gland,  and  brain, — rich  in  cither  the  purin  bases  or  in 
nuclear  nucleins, — an  increased  elimination  occurs.  It  also  takes 
place  after  excessive  cell  destruction  of  the  body  tissues,  especially 
the  leukocytes,  five  hours  after  a  full  meal;  during  and  immediately 
after  a  paroxysm  of  gout;  in  acute  articular  rheumatism  with 
high  temperature;  and  in  leukemia  the  elimination  is  increased. 
In  the  latter  condition  it  has  been  known  to  reach  5  gm.  per  diem. 

Decrease. — A  decreased  elimination  may  be  noticed  as  the 
result  of  a  purely  vegetable  diet;  preceding  an  attack  of  gout; 
during  the  course  of  diabetes,  chronic  plumbism,  chronic  inter- 
stitial nephritis,  pseudo-hypertrophic  paralysis,  progressive  mus- 
cular atrophy,  and  in  chlorosis.  In  the  secondary  and  pernicious 
types  of  anemia  decreased  elimination  is  also  a  prominent  feature. 

Tests  for  Uric  Acid.— Murexid  Test.— i.  Place  a  few  cr\'s- 
tals  of  uric  acid  on  a  f)()rcelain  dish,  add  5  to  10  drops  of  con- 
centrated nitric  acid,  and  heat  sufficiently  to  evaporate  the  acid. 
A  yellowish-red  color  remains  upon  the  porcelain. 


URIC  ACID.  197 

2.  Cool,  and  add  a  drop  of  ammonia,  when  a  purplish- red 
color  develops  (murexid). 

3.  A  drop  of  sodium  hydrate  causes  this  to  change  to  a  reddish- 
blue  color  which  disappears  on  heating. 

Copper  Test. — i.  Dissolve  crystals  of  uric  acid  in  a  solution 
of  sodium  hydrate. 

2.  Treat  the  mixture  with  Fehling's  solution  and  heat,  when 
a  white  precipitate  will  develop  (white  urate  of  copper),  but  should 
sufficient  Cu  sulphate  be  present,  a  reddish  precipitate  appears 
(cuprous  oxid). 

Carbonate-of-silver  Test. — i.  Dissolve  crystals  of  uric  acid 
in  a  solution  of  sodium  or  potassium  carbonate. 

2.  Place  a  few  drops  on  a  paper,  and  to  it  add  a  drop  or 
two  of  a  solution  of  nitrate  of  silver,  when  a  distinct  gray  stain 
occurs.     Urates  also  cause  this  reaction. 

Quantitative  Estimation  of  Uric  Acid. — Reagents, — Dis- 
solve 1.58  gm.  of  potassium  permanganate  in  one  liter  of  water 
(i  c.c.  of  this  solution  is  decolorized  by  0.00375  gm.  of  uric  acid). 
Place  100  c.c.  of  clear  filtered  urine  into  a  beaker,  and  to  it  add  35 
gm.  of  pure  ammonium  chlorid;  stir  well,  and  to  the  mixture  add 
ammonia  and  water  to  give  it  an  alkaline  reaction.  Agitate  the 
fluid  by  stirring  for  five  minutes,  then  allow  it  to  stand  for  five 
minutes,  by  which  time  a  precipitate  will  have  settled  near  the 
bottom  of  the  beaker.  This  precipitate  is  composed  of  earthy 
phosphates  together  with  the  whole  of  the  uric  acid  as  hydrogen 
ammonium  urates.  Filter  and  wash  with  a  saturated  solution 
of  ammonium  chlorid  the  precipitate  which  collects  upon  the 
filter.  Remove  the  funnel  and  wash  the  precipitate  into  a  beaker 
by  means  of  a  jet  of  water  from  the  wash-bottle.  The  funnel  is 
returned  to  its  support,  and  underneath  it  is  placed  the  beaker 
into  which  the  precipitate  has  been  washed.  Hot  water  contain- 
ing a  trifle  of  sodium  carbonate  is  now  poured  through  the  filler. 
Repeat  this  process  three  times,  heat  the  beaker  and  its  contents, 
and  then  add  10  c.c.  of  concentrated  sulphuric  acid.  A  decidedly 
acid  reaction  is  produced.  Immediately  titrate  with  a  standard 
solution  of  potassium  permanganate,  and  the  percentage  of  uric 
acid  in  the  urine  is  estimated  from  the  number  of  cubic  centi- 
meters of  permanganate  solution  employed. 

Reaction. — ^A  weak  solution  of  potassium  permanganate  dis- 
plays a  decided  rose  color  which  it  loses  instantly  when  allowed 
to  flow  slowly  into  the  hot  solution  of  uric  acid  in  dilute  sulphuric 
acid,  shaking  after  each  addition  of  the  permanganate  solution. 
This  disappearance  of  the  rose  coloring  of  the  permanganate 
solution  is  caused  by  the  uric  acid,  which  rapidly  decomposes  the 
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potassium  permanganate.  Whenever  a  single  drop  in  excess  of 
the  potassium  permanganate  is  added,  its  rose  color  persists  and 
th€  end  point  oj  the  titration  is  thus  placarded.  Titration  must 
be  carried  out  at  a  temperature  between  60°  and  80°  C. 

Method  of  Computation. — The  percentage  of  uric  acid  present 
in  the  given  specimen  of  urine  is  determined  in  the  following 
manner: 

0.00375  X  No.  c.c.  of  permanganate  solution  employed.  In 
every  100  c.c.  of  urine  o.ooi  gm.  of  uric  acid  escapes  precipita- 
tion, therefore  it  requires  this  addition  to  the  final  product.  The 
results  obtained  by  this  method,  while  sufficiently  reliable  for 
general  clinical  work,  should  not  be  compared  with  those  obtained 
by  the  more  complicated  methods. 

Ludwig-Salkowski's  Method. — This  method  is  based  upon 
the  principle  that  a  solution  of  uric  acid  in  sodium  carbonate 
treated  with  a  solution  of  nitrate  of  silver — an  excess  of  ammonia 
having  previously  been  added  to  the  mixture — induces  a  flaky 
gelatinous  precipitate  composed  of  uric  acid,  silver,  and  sodium; 
this  precipitate  being  only  feebly,  if  at  all,  soluble.  The  silver 
may  be  removed,  leaving  compounds  of  uric  acid  and  sodium 
capable  of  decomposition  by  the  addition  of  hydrochloric  acid. 

Precautions. — i.  Concentrated  urines  should  be  diluted  one- 
half. 

2.  The  specific  gravity  should  be  nearly  1.020,  and  urines  of 
a  lower  specific  gravity  should  be  evaporated  to  approximate  this 
density. 

3.  When  there  is  a  distinct  deposit  of  uric  acid  at  the  bottom 
of  the  urine  to  be  examined,  this  too  should  be  collected  and 
estimated. 

4.  Albumins  should  be  removed  from  the  urine. 

5.  In  case  the  urine  contains  sugar,  from  500  to  1000  c.c.  are 
treated  with  a  neutral  solution  of  acetate  of  lead;  this  is  filtered, 
and  the  filtrate  is  then  precipitated  with  mercuric  acetate.  This 
precipitate  consists  mostly  of  mercuric  urates,  and  after  having 
stood  for  twenty-four  hours,  should  be  separated  by  filtration. 
Wash  and  suspend  in  water.  Remove  the  mercurj-  by  means 
of  sulphureted  hydrogen,  filter  ofT  the  sulphid  of  mercurj',  and 
preserve  the  filtrate.  Thoroughly  boil  the  precipitate  with  water, 
again  filter,  and  the  washing  obtained  is  added  to  the  filtrate  pre- 
viously preserved.  Evaporate  the  total  quantity  of  fluid  to  a 
rather  small  volume;  acidify  with  hydrochloric  acid,  when  the 
uric  acid  separates  out  and  may  be  treated  by  one  of  the  methods 
previously  named. 
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6.  It  is  essential  that  rapidity  be  exercised  while  conducting 
the  various  steps  in  Ludwig-Salkowski's  method. 

Method  of  Application. — Reagents. — i.  Ammoniacal  mag- 
nesium mixture.  Dissolve  100  gm.  of  cr}'stallized  magnesium 
chlorid  in  a  sufficient  quantity  of  water,  and  to  it  add  (cold) 
a  saturated  solution  of  magnesium  chlorid  in  excess,  and  sufficient 
strong  ammonium  to  lend  a  decided  odor  to  the  mixture.  Where 
the  mixture  remains  cloudy  add  more  ammonium-chlorid  solution. 
Dilute  to  a  liter  and  place  in  a  glass-stoppered  bottle. 

2.  Dissolve  26  gm.  nitrate  of  silver  in  distilled  water,  and  then 
add  ammonia  sufficient  to  dissolve  the  brown  precipitate.  Dilute 
to  a  liter  and  place  in  a  colored,  glass- stoppered  bottle. 

Place  in  a  vessel  250  c.c.  of  filtered  urine  and  treat  with  50 
c.c.  of  ammoniacal  magnesium  mixture  to  remove  the  phosphates. 
Filter  immediately,  thereby  preventing  the  formation  of  a  small 
amount  of  magnesium  urate.  Place  250  c.c.  of  the  filtrate,  which 
corresponds  to  200  c.c.  of  the  urine,  in  a  vessel  and  treat  with  a 
solution  of  nitrate  of  silver  (3  per  cent.).  Should  the  precipitated 
silver  chlorid,  which  forms  soon  after  the  addition  of  the  silver, 
disappear  on  stirring,  add  a  few  drops  of  ammonium  hydrate.  A 
flaky  precipitate  now  separates  and  is  allowed  to  settle.  Acidify 
a  few  cubic  centimeters  of  the  supernatant  fluid  with  nitric  acid 
to  determine  whether  or  not  enough  of  the  silver-nitrate  solution  has 
been  added,  and  in  the  event  of  a  distinct  clouding,  suggestive  of 
silver  chlorid,  sufficient  of  the  silver  solution  has  been  added. 
Should  this  clouding  not  appear,  the  mixture  needs  to  be  rendered 
alkaline  with  ammonium,  returned  in  the  beaker,  and  again  treated 
with  the  silver  solution.  Filter  rapidly  through  a  rather  loose 
paper,  all  precipitates  being  removed  from  the  beaker  by  means  of  a 
glass  rod.  Wash  the  precipitate  until  the  specimen  of  the  wash- 
ing is  not  rendered  turbid  by  nitric  acid,  and  until  only  a  slight 
turbidity  follows  the  addition  of  a  drop  of  silver  solution.  The 
precipitate  and  the  filter  are  placed  in  a  wide-mouthed  flask  which 
contains  about  200  c.c.  of  distilled  water.  Agitate  vigorously. 
Pass  sulphureted  hydrogen  through  the  mixture,  bring  to  the 
boiling-point,  and  render  distinctly  acid  by  adding  a  few  drops  of 
hydrochloric  acid;  at  which  time  the  sulphid  of  silver  and  the 
paper  are  rapidly  separated  by  filtering.  Should  this  separation 
be  effected  slowlv,  there  is  liable  to  be  an  admixture  of  silver  to 
the  uric  acid.  Wash  the  contents  of  the  filter  several  times  with 
hot  water,  and  quickly  evaporate  both  the  filtrate  and  the  wash- 
ings to  but  a  few  cubic  centimeters.  Add  a  few  drops  of  hydro- 
chloric acid  and  allow  to  stand  in  a  cool  place  for  twenty-four 
hours.     When  the  mixture  contains  silver  there  is  a  cloud  following 
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the  addition  of  the  hydrochloric  acid.  The  dried  uric  acid  needs 
to  be  washed  with  carbon  disulphid.  Collect  the  uric  acid  that 
has  separated  from  the  solution  on  a  dried  and  weighed  filter. 
Wash  with  water,  then  with  90  per  cent,  alcohol,  and  finally  with 
absolute  alcohol  and  ether.  The  water  employed  for  washing 
should  be  collected  separately,  and  for  every  20  c,c-  used  0.004& 
gm.  should  be  added  to  the  weight  of  the  uric  acid  obtained. 


XANTHIN  BASES. 
Collectively  the  substances  comprising  the  xanthin  bases  and 
uric  acid  are  referred  to  as  the  alloxur  bases  and  the  purin  bases. 
The  xanthin  bases  of  the  urine  are  xanthin,  hypoxanthin,  hetero- 
xanthin,  paraxanthin,  adcnin,  and  guanin;  and  unlike  uric  add, 
xanthin  bases  are  to  be  found 
in  both  animal  and  vegetable 
tissues.  Under  normal  con- 
ditions the  urine  will  be  found 
to  contain  a  very  small  per- 
centage of  xanthin,  amount- 
ing in  bulk  to  about  10  per 
cent,  of  the  uric  acid.  As  a 
rule,  it  is  increased  in  amotmt 
when  the  uric  acid  shows  a 
decided  increase.  At  times, 
however,  there  is  an  increase 
in  the  uric  acid  tt^cther  with 
a  diminution  in  the  xanthin 
bases;  and  less  frequently  the 
J  reverse  condition  is  met.  It 
is  to  be  remembered  that  uric 
acid  is  an  oxidation  product 
of  the  xanthin  bases,  and  that  its  origin  is  the  same,  which  serves 
to  explain  their  varying  proportionate  relations.  Our  present 
knowledge  of  the  xanthin  bases  and  their  relation  to  pathologic 
states  is  of  but  limited  clinical  value.  The  normal  quantity  is 
said  to  fluctuate  between  0.0286  and  0,0561  gm.  per  diem.  Para- 
xanthin and  hclcroxanthiu  occur  but  sparingly  in  the  urine. 

Clinical  Significance. — The  xanthin  bases  are  increased  in 
croupous  pneumonia,  leukemia,  nephritis,  and  after  a  meal  con- 
taining an  abundance  of  nuclcins. 

Tests. — fi)  Lift  a  small  portion  of  the  urinary  sediment  into  a 
[)ipel  and  transfer  it  to  a  porcelain  dish;  (2)  add  a  few  drops  of  nitric 
acid  and  evaporate  to  dryness.     Should  xanthin  be  present,  the 
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residue  is  yellow,  but  upon  the  addition  of  a  few  drops  of  sodium- 
hydrate  solution  and  the  application  of  heat,  a  red  color  develops. 
This  reaction  is  common  to  the  xanthin  bases. 

Quantitative  Estimation. — i.  Salkowski's  method  consists 
in  precipitating  600  c.c.  of  the  filtered  urine  with  200  c.c.  of  mag- 
nesium mixture  (see  Ludwig-SalkowskV s  method^  page  198),  after 
which  add  a  solution  of  nitrate  of  silver  (3  per  cent.)  to  700  c.c. 
of  the  fihratc  in  a  proportion  of  6  c.c.  per  hundred,  observing  all 
precautions  set  forth  in  Ludwig-Salkowski*s  method  for  uric 
acid.  2.  Allow  the  mixture  to  stand  for  an  hour,  filter,  and  wash 
the  precipitate  in  water  until  all  the  free  silver  has  been  removed. 
3.  Perforate  the  filter  and  wash  the  precipitate  into  a  flask  with  600 
to  800  c.c.  of  water  that  has  been  acidified  with  hydrochloric  acid, 
and  decompose  with  sulphureted  hydrogen.  4.  Heat  over  a  water- 
bath  to  remove  any  excess  of  sulphureted  hydrogen;  filter  to 
separate  the  sulphid  of  silver  and  evaporate  the  filtrate  to  dryness. 

5.  Treat  the  residue  with  30  c.c.  of  sulphuric  acid  (i-ioo); 
boil  the  solution,  and  then  allow  it  to  stand  for  twelve  hours. 

6.  The  uric  acid  will  be  found  to  have  separated  from  the 
liquid,  which  should  be  filtered,  washed  with  a  small  amount  of 
dilute  sulphuric  acid,  and  later  with  alcohol  and  ether,  and  weighed. 
Add  0.0005  g^.  to  the  result  for  every  10  c.c.  of  the  acid  filtrate 
employed — allowing  for  the  trace  of  uric  acid  thus  lost. 

7.  After  the  uric  acid  has  been  removed  by  filtration,  the  filtrate 
is  treated  a  second  time  with  ammonium  and  silver  solution  to 
precipitate  the  xanthin  bases.  8.  Collect  this  precipitate  on  a  filter, 
wash  with  water,  dry,  and  incinerate.  9.  Dissolve  the  ash  in  nitric 
acid  and  the  silver  is  estimated  by  titration  with  a  solution  of 
potassium  sulphocyanid,  using  ammonioferric  alum  (saturated 
solution  at  ordinary  temperature)  as  an  indicator.  The  solution 
of  potassium  sulphocyanid  described  in  the  estimation  of  the 
urinarj'  chlorids  (page  180)  may  be  employed,  and  this  solution 
is  of  such  strength  that  i  c.c.  corresponds  to  0.00734  gm.  of 
silver.  One  atom  of  silver  when  in  combination  with  silver 
compounds  of  xanthin,  guanin,  etc.,  represents  0.277  gm.  of 
nitrogen  or  0.7381  gm.  of  alloxur  bases.  One  c.c.  of  the  potas- 
sium sulphocyanid  solution  represents  0.002  gm.  of  nitrogen  and 
likewise  0.00542  gm.  of  alloxur  bases. 

HIPPURIC  AQD. 

Under  normal  conditions  from  o.i  to  i  gm.  of  hippuric  acid 
is  excreted  through  the  urine  during  every  twenty-four  hours. 
This  is  probably  derived  largely  from  albuminous  material.     The 
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elimination  continues  during  the  administration  of  albuminous 
materials  as  well  as  during  starvation.  It  usually  occurs  in  com- 
bination with  potassium,  magnesium,  sodium,  and  calcium;  and 
is  readily  soluble  in  solutions  of  the  alkaline  hydrates  and  carbon- 
ates, alcohol,  and  ether.  Its  salts  thus  formed  are  decomposed 
by  strong  acids,  in  which  instance  hippuric  acid  separates  out  and 
may  be  collected  and  weighed. 

Quantitative  Estimation. — Simon's  Method. — i.  Evaporate 
over  a  water-bath  500  c.c.  of  fresh  urine  to  a  syrupy  consistence, 
keeping  the  urine  neutral  in  reaction  by  the  addition  of  sodium 
carbonate  during  the  entire  process  of  evaporation.  2.  Extract 
the  residue  with  cold  alcohol,  90  to  95  per  cent.,  employing  a 
quantity  about  half  that  of  the  urine.  3.  Stand  the  mixture  aside 
for  twenty-four  hours.  4.  The  alcoholic  filtrate  will  be  found  to 
contain  the  salts  of  hippuric  acid,  and  these  are  liberated  from 
the  alcohol  by  distillation.     5.  Acidify  the   remaining   solution 

with  acetic  acid,  and  extract 
with  five  times  its  own  volume 
of  alcoholic  ether  (alcohol  i 
part;  ether  9  parts).  6.  From 
the  combined  extracts  the 
ether  is  distilled  off  and  the 
remaining  solution  evaporated 
over  a  water-bath.  7.  Boil  the 
residue  with  water,  allow  it  to 
Fig.  si.-Hippuric-acid  crystals  (o«den).       qqoI,  and  pass  through  a  well- 

moistened  fiher.  Hippuric 
acid  is  soluble  in  boiling  water,  and  is  in  this  way  separated 
from  other  constituents  soluble  in  alcohol  and  ether.  8.  Render 
the  filtrate  alkaline  with  milk  of  lime,  removing  all  excess  of  calcium 
by  passing  carbon  dioxid  through  the  mixture,  which  is  later  boiled 
and  filtered.  9.  Shake  with  ether  to  remove  all  impurities,  and  any 
calcium  salts  remaining  in  solution  are  decomposed  by  acid,  and 
the  solution  extracted  with  ether.  10.  Evaporate  this  remaining 
solution  to  but  a  few  cubic  centimeters,  and  upon  standing 
hippuric  acid  will  separate.  11.  Dry  the  crystals  upon  plaster- 
of- Paris  plates,  shake  with  benzol  and  petroleum-ether  for  the 
purpose  of  removing  any  benzoic  acid  that  may  be  present,  and 
weigh.  These  crystals  of  hippuric  acid  maybe  recognized  under 
the  microscope  and  also  by  their  solubility,  etc. 
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OXALIC  Acm. 

The  oxalic  acid  in  the  normal  urine  is  probably  derived  from 
two  sources.  One  of  these  is  a  vegetable  diet,  while  the  other 
doubtless  exists  in  the  body,  though  its  manner  of  action  is  not 
thoroughly  understood.  This  latter  variety  may  be  derived  from 
the  uric  acid  through  oxidation,  since  oxaluric  acid  is  capable  of 
being  produced  from  uric  acid,  and  oxaluric  acid  is  also  readily 
decomposed  into  oxalic  acid  and  urea.  Again,  oxalic  acid  may 
result  from  the  imperfect  oxidation  of  carbohydrates. 

Excess. — ^The  excretion  of  oxalic  acid  through  the  urine 
becomes  of  special  pathologic  importance  since  many  vegetables 
are  capable  of  causing  an  excessive  elimination.  Among  such 
vegetables  are  spinach,  carrots,  tomatoes,  string-beans,  celer}', 
and  asparagus;  and  also  grapes  and  apples.  Gastro-intestinal 
derangements  are  liable  to  cause  an  increased  excretion  of  oxalic 
acid,  which  is  doubtless  the  result  of  incomplete  digestion  and 
oxidation  of  carbohydrates.  Nervous  oxaluria  may  result  in  a 
similar  manner. 

Transitory  albuminuria  has  been  found  to  be  associated  with 
oxaluria  (Senator),  and  the. late  J.  M.  DaCosta  has  outlined  not 
unlike  conditions.  In  connection  with  diabetes  there  are  to  be 
seen  peculiar  relations  between  the  uric  acid,  carbohydrates,  phos- 
phates, and  oxalic  acid  excreted. 

Oxalic-acid  Diathesis. — In  this  condition  there  is  a  decidedly 
increased  production  of  oxalic  acid  accompanied  with  a  tem- 
porary retention  which  of  necessity  must  later  be  followed  by  an 
increased  elimination.  This  condition  docs  not  appear  to  be 
materially  influenced  by  diet,  and  may  result  from  abnormal 
metabolic  processes  within  the  body  tissues.  It  has  been  sug- 
gested that  this  peculiar  production  of  oxalic  acid  is  not  unlike 
that  interested  in  the  production  of  diabetes  mellitus,  and  \vhile 
it  is  impossible  at  present  to  point  out  clearly  the  relation  existing 
between  these  two  conditions,  it  is  doubtless  one  deserving  of 
further  physiologic  research. 

The  quantity  of  oxalic  acid  normally  excreted  during  twenty- 
four  hours  varies  from  that  of  a  mere  trace  to  20  mgm.  (0.31  gr.). 
Oxalic  acid  is  readily  detected  in  the  urine  by  its  characteristic 
cr>'stals  (Fig.  95),  though  it  is  impossible  to  determine  with  any 
degree  of  certainty  the  amount  of  oxalic  acid  excreted  from  the 
number  of  crystals  of  calcium  oxalate  present  upon  microscopic 
examination. 

Again,  urines  rich  in  calcium  oxalate  may  display  no  crystals 
of  this  substance  even  after  standing  for  several  hours.     It  is 
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my  practice  to  neutralize  cautiously  such  urines  by  adding  a  few 
drops  of  ammonia,  when  it  is  often  possible  to  induce  crystal- 
lization of  the  salt,  and  should  this  procedure  be  ineffectual,  the 
following  method  must  be  employed: 

Quantitative  Estimation  of  Oxalic  Acid. — i.  Treat  600 
c.c.  of  fresh  urine  with  a  small  quantity  of  an  alcoholic  solution 
of  thymol — ^in  this  way  preventing  putrefaction — and  then  treat 
it  with  calcium  chlorid  and  ammonia,  adding  these  substances  in 
excess.  2.  Diacid  sodium  phosphate,  which  holds  the  oxalic  add 
suspended  in  solutidn,  is  in  this  way  removed,  and  the  precipitate 
is  treated  with  just  sufficient  acetic  acid  to  dissolve  it.  3.  The  cal- 
cium oxalate  being  insoluble  in  acetic  acid  is  gradually  precipitated, 
when  the  mixture  is  allowed  to  stand  for  twenty-four  hours.  4.  The 
calcium  oxalate  is  now  separated  by  means  of  a  filter;  washed  with 
a  small  amount  of  water  and  dissolved  with  a  few  drops  of  hydro- 
chloric acid.  5.  Add  sufficient  dilute  ammonia  to  the  filtrate  to 
give  the  solution  a  feebly  alkaline  reaction;  allow  to  stand  for 
twenty-four  hours,  when  the  calcium  oxalate  will  have  separated 
from  the  solution  and  may  be  collected  upon  a  filter  the  weight 
of  whose  ash  is  known. 

Wash  with  water  the  contents  of  the  filter,  dry,  and  incinerate 
in  a  crucible,  heating  vigorously  for  at  least  twenty  minutes,  thus 
transforming  the  oxalate  into  oxid.  The  ash  is  weighed  and  the 
corresponding  amount  of  oxalic  acid  calculated.  By  weight,  56 
parts  of  calcium  oxid  are  equivalent  to  128  of  calcium  oxalate; 
therefore  56  :  128  :  :  y  :  x — x  being  equivalent  to  2.2857  y  in 
which  y  is  indicative  of  the  quantity  of  calcium  oxid  recovered 
from  a  known  quantity  of  urine.  The  quantity  of  calcium  oxalate 
is  represented  by  x, 

KREATIN  AND  KREATININ. 

The  former  of  these  substances  is  constantly  present  in  muscle 
tissue,  and  is  in  all  probability  the  immediate  and  perhaps  con- 
stant antecedent  of  kreatinin,  which  forces  one  to  consider  at  least 
two  sources  of  this  bgdy  when  found  in  the  urine,  namely,  the 
body  muscular  tissue  and  the  ingestion  of  muscle  tissue  as  food. 
Nearly  i  gm.  of  kreatinin  represents  the  daily  excretion  through 
the  urine  of  a  healthy  adult.  Thus  far  the  pathologic  variations  in 
the  excretion  of  kreatinin  have  failed  to  be  of  clinical  value.  The 
increased  destruction  of  body  tissue  which  takes  place  during  the 
course  of  such  febrile  conditions  as  pneumonia  and  typhoid  fever 
may  be  placarded  by  an  increased  elimination  of  kreatinin  in  the 
urine.     Such  patients  are  not  upon  a  meat  diet;  yet  parallels  have 
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not  been  drawn  bttween  the  excretion  of  urinary  kreatinin  under 
such  conditions  and  the  destructive  changes  in  the  body  tissues. 
Weyl's  Test. — Treat  lo  to  20  c.c.  of  the  urine  with  a  few  drops 
of  a  dilute  solution  of  sodium  nilroprussid,  and  then  add  to  the 
mixture,  drop  by  drop,  a  weak  solution  of  sodium  hydrate.  Should 
kreatinin  be  present  in  appreciable  amounts,  the  urine  becomes 
a  ruby-red  color;  this  change  being  more  conspicuous  at  ibe 
bottom  of  the  liquid.  The  red  color  is  but  temporary  and  gives 
way  in  a  few  minutes  lo  an  intense  yellow.  Through  the  applica- 
tion of  heat  and  the  addition  of  a  few  drops  of  glacial  acetic  acid 
in  pure  solution,  the  yellow 
color  is  replaced  by  a  green. 

PROTEIDS  IN  THE  URINE. 
Any  one,  or  in  fact  all,  of 
the  proteids  of  blood  plasma 
may  appear  in  the  urine, 
namely,  serum-albumin, 
serum-globulin,  and  fibrin- 
c^en.  In  addition  to  these 
it  is  not  uncommon  to  meet 
with  compound  proteids — 
mucin  and  nucleo-albumin 
(normal  constituents  of  the 
urine),   and   with   the   albu-  ng.  H.-i.>!.i-i!^wji^.™.mu,-i,«L.,.,u,iu 

moscs,  among  which  Bence- 

Jones'  albumose  should  be  given  special  mention.  It  is  question- 
able whether  true  peptone  occurs  in  the  iirine.  Rare,  indeed, 
it  is  that  during  health  any  of  the  pathologic  proteids  escape 
through  the  urine. 

Mucin. — Mucin  is  to  be  found  in  normal  urine,  though  but 
a  trace  may  be  present;  and  it  is  the  chief  constituent  of  urine 
containing  a  large  quantity  of  mucus.  Mucin  is  derived  from 
the  muciparous  glands  communicating  with  the  urinary  tract. 

Increased. — A  decided  increase  is  to  be  observed  in  connec- 
tion with  a  catarrhal  condition  of  the  urinary  tract,  when, 
on  standing,  it  collects  at  the  bottom  of  the  urine  in  the  form  of  a 
rather  heavy,  creamy,  loose,  viscid,  slimy,  tenacious  precipitate. 

Detection. — 1.  Mucin  is  precipitated  from  the  urine  by  vege- 
table acids,  such  a  precipitate  being  insoluble  in  an  excess  of  the 
acid  employed  for  its  precipitation.  (Where  the  urine  contains 
a  liberal  amount  of  albumin,  first  remove  this  body  by  boiling 
and  filtering.)     2.  Add  to  the  precipitate  three  times  its  volume 
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of  Strong  alcohol,  and  set  aside  for  several  hours.  3.  Filter,  wash 
the  precipitate  with  alcohol,  and  then  with  warm  water.  4.  The 
filtrate  which  contains  the  mucin  is  now  acidified  with  acetic 
acid,  and  should  a  turbidity  appear,  mucin  is  present. 

SERUM-ALBUMIN  AND  SERUM-GLOBULIN  IN  THE  URINE. 

These  substances  may  occur  in  the  urine  either  singly  or  to- 
gether, the  latter  condition  being  far  more  common  and  con- 
stituting what  is  ordinarily  termed  "albuminuria."  Albuminuria 
may  result  from  disease  of  the  kidneys,  or  from  acute  or  chronic 
congestion,  etc.  The  use  of  drugs,  including  ether  and  alcohol;  the 
use  of  albuminous  foods;  high  fever  (febrile  albuminuria),  exer- 
tion, cold  baths  (functional  albuminuria),  and  standing  posture 
(orthostatic  albuminuria)  may  be  followed  by  albuminuria. 

Albumin  may  originate  from  congestion  or  ulcerations  of  the 
bladder,  urethra,  vagina  or  uterus.  It  follows  reduced  blood  pres- 
sure and  occurs  late  in  the  anemias.  Albuminuria  may  be  co- 
existent with  oxaluria,  phosphaturia  or  with  diabetes.  Accidental 
albuminuria  results  from  an  admixture  of  blood  or  pus. 

Separation  of  Albumin  and  Globulin. — (i)  Place  a  few  cubic 
centimeters  of  urine  in  a  beaker,  render  it  slightly  alkaline  with 
ammonia,  filter  to  remove  the  phosphates,  and  then  to  100  c.c. 
of  the  filtrate  add  its  own  volume  of  a  saturated  neutral  solution 
of  ammonium  sulphate,  allowing  it  to  stand  for  an  hour;  by  this 
time  the  globulin  and  probably  a  portion  of  the  mucin  will  have 
separated  from  the  solution.  (2)  Collect  this  precipitate  on  a 
weighed,  ash- free,  dried  filter,  and  wash  with  a  solution  of  ammo- 
nium sulphate,  50  per  cent,  saturation,  after  which  dr>^  and  weigh. 
(3)  After  drying,  incinerate,  and  detect  the  weight  of  the  ash,  the 
difference  being  equal  to  the  amount  of  globulin  present. 

The  total  proteids  may  be  estimated  by  complete  saturation  of 
the  urine  with  ammonium  sulphate,  and  drying  the  precipitate  in 
the  above  manner.  The  difference  between  the  total  proteids 
and  the  globulin  is  reckoned  as  albumin. 

Douglas'  Method. — The  method  which  I  have  adopted 
quite  generally  for  the  recognition  of  albumin,  and  one  which 
appears  to  have  received  the  sanction  of  foreign  authors  (though 
not  now  popular  in  America),  is  the  contact  method  for  the  de- 
tection of  serum-albumin.  Carstairs  Douglas  *  has  carefully 
determined  the  quantity  of  albumin  necessary  in  a  given  urine  to 
produce  the  characteristic  ring  upon  contact  with  nitric  acid. 
He  further  studied  a  series  of  dilutions  made  from  urines,  the  per- 
centage of  albumin  contained  in  such  specimens  having  been 

*  "Chemical  and  Microscopical  Aids  to  Clinical  Diagnosis,"  1899,  p.  70. 
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previously  ascertained,  and  concludes  that  0.0033  per  cent,  of 
albumin  is  sufficient  to  cause  the  ring  to  appear  in  from  two  to 
three  minutes.  For  example,  a  urine  after  dilution  ten  times 
showed  a  ring  as  above  outlined.  Multiply  0.0033  by  10  =  0.033 
per  cent,  of  albumin,  and  in  a  like  manner  higher  dilutions  were 
employed  with  equally  satisfactory  results. 

In  my  experience  this  method  has  not  served  so  well  as  the 
estimation  of  the  total  quantity  of  albumin  in  the  urine  by  the 
Esbach  method  (page  211);  yet  for  the  average  daily  estimation 
it  is  probably  sufficiently  near  to  accuracy  to  enable  one  to  deter- 
mine with  safety  the  amount  of  albumin  as  being  increased  or 
decreased  in  a  given  instance.  I  have  been  able  to  obtain  better 
results  by  applying  the  contact  method,  using  nitric  acid,  in  the 
pipet  (see  Author^ s  Method). 

Precaution. — In  employing  Douglas'  method  the  urine 
should  be  diluted  with  great  care  by  means  of  a  buret,  and  at 
least  one  inch  of  nitric  acid  should  be  placed  either  in  the  test-tube 
or  allowed  to  enter  the  tube  (author's  method),  when  the  diluted 
urine  is  brought  in  contact  with  it  and  allowed  to  occupy  a  space 
above  the  acid.  The  time  necessary  for  coagulation  to  produce 
the  ring  is  also  important,  three  minutes  being  the  limit.  The 
albumin  ring  is  rendered  conspicuous  by  holding  the  glass  or  pipet 
containing  the  urine  in  front  of  a  dark  background.  Among 
the  various  reagents  suggested  by  as  many  writers  I  have  found 
but  two  that  are  capable  of  withstanding  the  tests  necessary  to 
render  them  worthy  of  special  clinical  mention;  namely,  con- 
centrated nitric  acid,  and  the  nitromagnesium  mixture  (Roberts' 
solution),  which  is  composed  of: 

Pure  concentrated  nitric  arid 2  parts 

Saturated  solution  magnesium  sulphate 10     **         M. 

The  application  of  these  substances  as  originally  outlined  by 
Heller  was  to  place  a  few  cubic  centimeters  of  the  reagent  in  a 
test-tube  and  allow  the  urine  to  flow  slowlv  from  a  buret  into  the 
tube,  where  it  formed  a  layer  above  the  reagent. 

Author's  Method. — After  employing  Heller's  method  for 
some  years,  the  following  method  of  application  suggested  itself 
to  me,  and  its  employment  has  since  been  attended  wnth  most 
satisfactory  results.*  Albumin  causes  a  white  cloud  to  appear 
in  the  form  of  a  ring  at  the  zone  of  contact  of  the  two  liquids 
(reagent  and  urine),  and  this  test  when  carefully  applied  must  be 
regarded  as  one  of  great  value. 

I.  A  pipet  is  filled  for  a  distance  of  from  one  inch  to  one  and 

♦  "N.  Y.  Med.  Jour.,"  May  24,  1902,  p.  885. 


208 


THE    URINE. 


one-half  inches  wiih  urine  to  be  tested.  Then  this  pipet  is  either 
carried  under  a  stream  of  water  and  dried  by  a  towel  or  all  the 
urine  is  removed  from  its  surface  by  a  damp  towel. 

2.  This  pipet,  with  its  contained  urine,  is  placed  near  the 
bottom  of  a  bottle  containing  pure  nitric  acid,  when  the  pressure 
of  the  index-finger  is  lessened  and  the  acid  allowed  to  flow  gradu- 
ally up  into  the  pipet  (Fig.  83). 

3.  When  the  pipet  is  seen  to  contain  about  the  same  amount 
of  the  add  and  of  the  urine,  the  hnger  is  again  pressed  firmly 


upon  the  top  of  the  pipet,  which  is  then  removed  from  the  bottle 
and  held  toward  the  light  on  a  level  with  the  eye;  when,  if  al- 
bumin be  present,  a  distinct  white  cloud  in  the  form  of  a  ring 
appears  at  the  zone  of  junction  of  the  urine  and  the  reagent  (Fig, 
84).  The  ring  is  often  intensified  by  placing  the  pipet  in  different 
lights  or  against  a  dark  background.  The  hand  when  placed 
back  of  the  pipet  and  carried  slowly  above  'and  then  below  the 
level  of  the  ring  serves  this  purpose. 

The  time  occupied  in  performing  this  test  is  very  slight,  usuall] 


L 


SEEUM-ALBUMIN    AND    SERtrM-GLOBfLIN    IN    THE    IRINE.    20Q 

only  a  few  seconds.  lis  ease  of  execution,  the  fact  that  the  albumin 
ring  is  not  aflected  by  the  jarring  of  the  pipe!  due  to  it  being 
formed  in  a  tube  of  small  caUber,  the  small  quantity  of  both  urine 
and  reagent  needed,  and  the  fact  that  it  does  away  with  the  use 
of  test-tubes,  render  this  method  of  extreme  practical  value  to 
both  the  general  praclilioner  and  the  laboratory  worker. 

At  times  it  may  be  preferable  to  apply  the  nitric  acid  with  the 
addition  of  heat,  in  which  case  the  acid  is  placed  in  a  test-tube 
and  heated  to  the  desired  temperature;  then  a  pipet  containing 
the  urine  to  be  tested,  as  before  described,  is  carried  to  the  bottom 
of  the  tube  and  the  acid  allowed  to  slowly  enter  the  pipet.  The 
pressure  of  the  index- finger 
should  not  be  enlircly  removed 
until  the  acid  has  forced  the 
column  of  urine  up  into  the 
pipet,  so  as  to  make  its  superior 
surface  on  a  plane  above  thai 
of  the  acid  occupying  the  space 
between  the  outer  surface  of  the 
test-tube  and  the  pipet  {Fig.  85). 

By  this  method  the  urine  and 
the  reagent  may  be  set  aside  and 
examined  at  intervals.  The  ring 
is  not  affected  by  returning  the 
finger  pressure  at  the  lop  of  the 
pipet  and  carrying  the  reacting 
specimen  about  the  room  for 
class  demonstration.  Through 
the  courtesy  of  Prof.  George  H, 
Meeker,  of  the  Medico- Chirur-     add?aV^iiiirJi'.Smili^aTbZm"ui«n'i«': 

gical    College,   1    have    been    pro-       W^mc  line  (albumi.i  ring)  »t  iom  ol  cnn- 

vided  with  a  testing  pipet  which 

serves  well  in  this  capacity.  This  method  of  keeping  the  nitric 
add  in  contact  with  the  urine  for  several  hours  is  of  special  value 
in  the  estimation  of  uric  acid,  but  it  is  necessary  that  the  column 
of  urine  extend  for  fully  two  and  one-half  inches  above  the  zone 
of  contact.  The  ring  caused  by  an  excess  of  uric  acid  is  less 
compact  than  the  one  produced  by  albumin,  and  always  occurs 
high  above  the  zone  of  contact. 

Appearance  of  the  Reaction  Ring  and  its  Significance.  ^Here 
it  is  my  object  to  elucidate  as  nearly  as  possible  the  value  of 
the  reaction  obtained  by  the  analysis  of  urines  containing  certain 
named  substances;  and  an  important  fact  in  this  connection  is 
not  to  overestimate  many  of  the  less  common  of  these  reactions. 
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It  is  ever  to  be  borne  in  mind  that  more  than  one  substance 
capable  of  producing  color  and  other  changes  may  be  present  in 
the  same  urine,  thereby  confusing  the  results.  The  ring  due  to 
serum-albumin  and  other  albuminoid  bodies  is  fairly  constant 
in  its  general  characteristics,  and  comprises  what  the  writer  has 
been  forced  to  accept,  after  five  years  of  daily  application,  as  a 
most  trustworthy  lest. 

Normal  Urinary  Pigments, — In  highly  colored  urines  a  re- 
action may  be  detected  at  or  near  the  zone  of  contact,  which  pro- 
duces a  more  or  less  distinct  cloud,  varying  from  a  pink  tint  to  a 
dull  brick- red  color. 

Serum-albumin. — When  this  body  is  present  in  quantities 
of  pathologic  moment  the  ring  is  seen  at  the  zone  of  contact  as  a 
whitish  band,  the  thickness  of  which  varies  in  diflferent  specimens. 
Such  variations  are  influenced  (i)  by  allowing  the  acid  to  enter 
the  pipet  too  rapidly,  and  (2)  by  the  amount  of  albumin  present 
in  the  specimen  under  observation. 

Globulin,  albumoses,  and  peptones  may  also  cause  a  small 
ring  at  the  zone  of  contact.  In  the  aggregate  it  may  be  said  that 
the  ring  caused  by  these  bodies  is  less  clearly  outlined  by  distinct 
margins  characteristic  of  scrum-albumin  (see  Albumose  and 
Peptone,  pages  216,  217).  The  cloud  of  albumin  may  at  times  be 
slightly  colored  by  the  pigments  present  in  the  urine.  This  feature 
is  most  notable  in  connection  with  biliuria  and  hematuria. 

Mucin  (Nucleo-albumin). — When  present  in  sufficient  amounts 
this  produces  a  ring  which  resembles  that  of  serum-albumin  in 
color,  but  never  presents  a  clear,  pearly  white  tint,  and,  on  the 
whole,  this  ring  is  less  perfect  than  is  that  of  serum-albumin 
even  when  of  the  same  thickness;  and,  in  striking  contrast  to 
albumin,  it  appears  some  distance  above  the  zone  of  contact. 

Urates, — Urates  may  cause  a  distinct  ring,  varjing  in  inten- 
sity from  a  slight  reddish  tinge  to  a  deep  cherr)'  or  brownish  red. 
This  ring  occurs  very  near,  but  above,  the  zone  of  contact,  and 
often  requires  close  inspection  to  detect  the  thin  zone  of  urine 
between  the  ring  and  the  superior  surface  of  the  reagent.  In 
some  specimens  the  ring  forms  from  one-eighth  to  one-half  inch 
above  the  zone  of  contact. 

Biliuria. — Bile- pigments,  when  present  inconsiderableamounts, 
cause  a  derided  play  of  colors  at  the  zone  of  contact.  The  ring 
of  serum-albumin  in  such  urines  is  apt  to  be  colored,  as  is  also 
the  ring  y')r(Kluced  by  mucin.  After  all  known  methods  are  em- 
ployed to  remove  these  two  bodies  (albumin  and  mucin)  from  the 
urines,  a  decided  reaction-ring  still  persists  about  one-quarter 
to  one-half  inch  above  the  zone  of  contact.     From  these  results 
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it  would  appear  that  nitric  acid  and  the  other  contact  reagents 
have  not  proved  to  be  reliable  tests  for  serum-albumin  when 
in  connection  with  bile-pigments. 

Indican. — Here,  too,  color  changes  are  observed,  which  assume 
a  violet  hue  and  vary  in  intensity  with  the  amount  of  indican 
present.    The  change  is  seen  slightly  above  the  zone  of  contact. 

Resinous  Bodies. — These  are  usually  precipitated  by  nitric 
acid,  but  seldom  confuse  the  reaction  for  albumin.  A  further 
discourse  by  the  author  upon  reagents  may  be  found  in  the  "New 
York  Medical  Journal,"  May  24,  1902. 

Quantitative  Estimation  of  Albumin. — Heat. — Compara- 
tive results  are  to  be  obtained  by  boiling  a  given  quantity  of  the 
urine  which  is  acidified  with  acetic  acid;  and  allow  to  stand  for 
twenty-four  hours  in  order  that  the  albumin  may  collect  at  the 
bottom  of  the  tube.  A  graduated  tube  may  be  employed  for 
this  purpose,  but  the  ordinary  test-tube  gives  fair  results.  The 
tube  and  its  contents  obtained  from  the  first  boiling  may  be  corked 
tightly  and  set  aside  to  be  used  for  a  comparison  with  the  amount 
of  precipitate  that  results  from  future  tests;  although  a  far  better 
plan  is  to  record  the  depth  of  sediment  present  at  each  examination. 
The  albumin  may  at  times  separate  out  into  large  flakes,  again 
into  small  flakes,  and  this  in  conjunction  with  other  appreciable 
conditions  causes  the  quantity  of  albumin  to  fluctuate  greatly 
when  estimated  by  this  method.  (It  can  be  recommended,  how- 
ever, to  the  general  practitioner.) 

Volumetric  Method. — This  is  by  far  the  easiest  method  of 
execution  and,  therefore,  deserves  special  mention.  Take  10 
to  20  c.c.  of  the  urine  and  to  it  add  sufiicient  distilled  water  to 
make  the  total  reach  50  c.c.  Treat  with  two  drops  of  a  i  per 
cent,  aqueous  solution  of  true  yellowy  and  later  titrate  with  a  25 
per  cent,  solution  of  salicyl-sulphonic  acid  until  the  mixture 
assumes  a  brick-red  color.  Multiply  the  number  of  cubic  centi- 
meters of  reagent  employed  by  0.01006,  which  will  indicate  the 
amount  of  albumin  in  the  number  of  cubic  centimeters  of  urine 
examined.  Urine  employed  for  this  test  should  be  acid  in  re- 
action.    When  alkaline,  acidify  with  acetic  acid. 

Esbach's  Method. — ^This  method  for  the  estimation  of  the 
quantity  of  albumin  is  subject  to  rather  decided  variations  and 
even  liable  to  gross  error;  yet  if  all  precautions  herein  outlined 
are  observed,  it  will  be  found  the  most  practical  method  now  in 
vogue  for  the  quantitative  estimation  of  albumin. 
Reagents. — 

Picric  acid lo  gm. 

Citric  acid .' 20    " 

Distilled  water 1000  c.c. 
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A  special  tube  (Fig.  86)  is  to  be  employed,  and  upon  it  will  bt 
found  the  letter  U,  indicating  the  portion  of  the  lube  to  be  fiUcd 
with  urine,  and  nearer  the  top  of  the  tube  is  seen  the  letter  R,  which 
indicates  the  level  lo  which  the  reagent  is  to  be  added.  Beginning 
at  the  bottom  of  the  tube  is  a  scale  graduated  from  i  to  7, 


-d  bj  llr.  VV.  G,  Mudie  «hil* 

workins  in  Ih^  Huihor'a  labomiQiy.    [n  ihe 


hr»vy  nrdbannl  ■! 


Process. — Fill  the  Esbach  tube  with  filtered  acid  urine  to  U, 
and  add  the  reagent  until  it  reaches  R.  Then  place  the  thumb 
over  the  mouth  of  the  tube  and  invert  it  several  times  to  insure  a 
perfect  mingling  of  the  urine  with  the  reagent.     The  tube  should 
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now  be  placed  in  a  special  receptacle  (Fig.  87)  and  allowed  to 
stand  for  twenty-four  hours,  when  the  sediment  which  collects  at 
the  bottom  of  the  tube  will  consist  of  serum-albumin,  serum- 
globulin,  albumoses,  uric  acid,  and  kreatinin.  The  amount  of 
sediment  is  read  directly  from  the  scale,  and  indicates  the  amount 
pro  mille  in  grams. 

Wetherill  has  designed  the  torfuge  (p.  528,  Fig.  23  3)  so  as  to  con- 
tain Elsbach's  albuminometer,  and  by  the  use  of  this  instrument 
the  reading  may  be  obtained  in  from  one  to  two  minutes. 

Cautions, — Where  the  specific  gravity  of  the  urine  is  above 
1.008  the  specimen  should  be  diluted  with  water  to  reach  this 
density.  The  temperature  of  the  room  should  be  15°  C.  (59°  F.). 
The  urine  must  be  acid. 

Different  Densities. — ^The  urinary  albumin  may  be  estimated 
by  obtaining  the  specific  gra\ity  of  the  urine  as  voided,  and  after 
it  has  been  freed  from  albumin. 

Application. — i.  Treat  a  quantity  of  urine  of  known  specific 
grav-ity  with  sufficient  acetic  acid  to  precipitate  the  albumin,  and 
note  the  specific  gravity. 

2.  Place  the  solution  in  a  rubber-stoppered  bottle  (the  stopper 
ha\'ing  been  previously  boiled  in  sodium  hydrate  and  washed  to 
remove  all  alkali),  tightly  fasten  it,  and  hold  it  in  position  by  a 
wire. 

3.  Place  the  bottle  in  boiling  water  for  from  ten  to  fifteen 
minutes. 

4.  Cool  and  filter,  guarding,  as  much  as  possible,  against  evapo- 
ration by  passing  the  urine  through  a  funnel  surrounded  by  a 
closely  fitting  stopper,  and  by  keeping  the  funnel  covered  with 
a  glass  plate. 

5.  Ascertain  the  specific  gravity  of  the  filtered  urine — it  is 
best  to  employ  a  pyknometer.  Multiply  the  decrease  in  specific 
gravity  by  400  and  the  product  equals  the  number  of  grams  of 
albumin  present  in  100  c.c.  of  urine. 

Gravimetric  Method. — i.  Take  500  to  1000  c.c.  of  acid  fil- 
tered urine  (if  alkaline,  acidify  with  acetic  acid)  and  place  a 
few  cubic  centimeters  of  this  quantity  in  a  test-tube,  heat  in  boiling 
water  until  coagulation  occurs,  heat  again  over  a  flame,  and  filter. 

2.  Test  the  filtrate  with  acetic  acid  and  potassium  ferrocyanid. 
Should  no  precipitate  form,  treat  the  entire  quantity  of  urine  in 
the  same  manner,  no  further  addition  of  acid  being  required. 

3.  In  the  event  of  albumin  being  demonstrable  with  acetic 
acid  and  potassium  ferrocyanid,  the  entire  volume  should  be 
treated  with  a  30  per  cent,  solution  of  acetic  acid  (adding  a  few 
drops  at  a  time)  and  stirring  with  a  glass  rod  after  each  addition. 
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4.  After  having  proved  that  the  urine  is  suflSciently  add  to 
allow  a  complete  precipitation  of  the  albumin  present,  place  100 
c.c.  or  more  in  a  rubber-stoppered  bottle  (see  (2)  Metliod  0} 
Difjerent  Densities),  and  first  heat  in  boiling  water  until  the 
albumin  is  seen  to  separate  in  flake-like  particles.  Then  remove 
the  bottle  from  the  water,  wipe  dry,  and  again  boil. 

5.  Decant  the  supernatant  urine,  passing  it  through  a  dried, 
weighed  filter,  and  later  bring  the  entire  precipitate  upon  the 
filter,  care  being  taken  to  detach  all  particles  of  albumin  that  may 
cling  to  the  beaker  by  means  of  a  glass  rod  tipped  with  rubber 
tubing  and  by  washing  with  hot  w^ater. 

6.  Wash  the  precipitate  until  the  washings  are  no  longer 
turbid,  and  treat  with  a  drop  of  nitric  acid  and  silver  nitrate. 
Again  wash  w^ith  alcohol,  and  with  ether  remove  all  fats,  after 
which  the  filter  is  dried  at  120°  to  130°  C.  (248°  to  266°  F.)  and 
weighed.  Should  greater  accuracy  be  required,  incinerate  the 
dried  and  weighed  precipitate  and  thus  determine  the  amount  of 
mineral  ash  present  with  trhe  albumin,  and  deduct  this  amount 
from  the  original  weight. 

Whenever  possible  it  is  well  either  to  dilute  the  urine  suffi- 
ciently that  not  more  than  0.2  to  0.3  gm.  of  albumin  be  contained 
in  the  quantity  of  urine  employed,  or  to  employ  less  than  100  c.c. 
of  urine,  thereby  accomplishing  this  end. 

Senun-globulin. — Test. — i.  Place  from  20  to  50  c.c.  of 
filtered  urine  in  a  beaker,  and  render  it  alkaline  by  adding  ammo- 
nium hydrate.  Phosphates  are  thus  thrown  out  of  the  solution 
and  should  be  separated  by  fihering. 

2.  Add  to  the  urine  an  equal  quantity  of  a  saturated  solution 
of  ammonium  sulphate.  A  precipitate  is  indicative  of  the  presence 
of  globulin.  Ammonium  urate  may  also  be  separated  from  the 
solution,  but  is  placarded  by  its  color  (see  Ammonium  Urate, 
page  272). 

Paten's  Test. — After  the  urine  has  been  rendered  alkaline 
and  the  phosphates  separated  as  previously  outlined,  place  10  c.c. 
of  a  saturated  solution  of  sodium  sulphate  in  a  test-tube  and  allow 
some  of  the  urine  to  flow  in  along  the  side  of  the  tube  so  as  to 
form  a  layer  above  the  reagent.  Serum-globulin  causes  a  white 
ring  to  appear  at  the  zone  of  contact. 

Quantitative  Estimation. — After  serum-globulin  has  been  pre- 
cipitated by  one  of  the  methods  described,  allow  the  mixture 
to  stand  for  one  or  more  hours,  collect  the  precipitate  on  a  dried 
and  weighed  filter,  and  wash  with  a  half-saturated  solution  of 
ammonium  sulphate  until  the  washing  fails  to  give  a  precipitate, 
when  treat  with  acetic  acid  and  potassium  ferrocyanid.  Con- 
tinue as  in  the  quantitative  estimation  of  serum-albumin,  page  211. 
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Mucin  (Nucleo-albumin). — Nucleo-albumin  differs  from 
globulin  in  that  it  is  insoluble  in  acetic  acid.  It  is  precipitated 
by  magnesium  sulphate,  and  does  not  form  reducing  substances 
when  boiled  with  dilute  acids,  which  also  serve  to  distinguish  it 
from  true  mucin. 

Place  lo  c.c.  of  filtered  urine  in  atest-tube  and  add  concentrated 
acetic  acid  in  excess — turbidity  indicates  the  presence  of  nucleo- 
albumin.  Should  serum-albumin  be  present,  it  is  to  be  removed  by 
boiling  and  filtering,  after  which  dilute  the  urine  i  to  3  of  water, 
which  prevents  the  possibility  of  turbidity  resulting  from  urates, 
and  lessens  the  power  of  the  urinary  salts  lo  dissolve  the  mucin. 

Ott's  Test. — Reagent. — Alm^n's  solution: 

H .     Tannic  acid 5  pm. 

Sol.  acetic  acid  (25  per  cent.) 10  c.c. 

Alcohol  (40  to  ^o  per  cent.) 240  c.c. 

^L  and  keep  in  a  glass-stop[>ercd  bottle. 

Place  10  C.C.  of  the  filtered  urine  in  a  beaker  and  add  an  equal 
volume  of  a  saturated  solution  of  common  salt.  Shake  well  and 
then  slowly  add  a  small  quantity  of  Almdn's  solution,  when,  should 
nucleo-albumin  be  present,  a  precipitate  appears  immediately. 

The  following  table  may  serve  to  differentiate  between  mucin, 
nucleo-albumin,  and  pus,  though  the  two  former  of  these  bodies 
appear  to  be  of  questionable  nature  and  have  therefore  been  con- 
sidered under  one  head. 

Mr'CiN.  Nrci.Fo-Ai.m'MiN.  Pi's. 

1.  In   acid   urine   mucin       i.  Spontaneous      precif)-       i.  Thick    white    or    yel- 

forms  a  loose,  whit-  itate   rare.      Caused  lowish -white  precip- 

ish     precipitate.  by    magnesium    sul-  ilatc  in  acid  urine. 

phate. 

2.  Wlien  urine  is  render-       2.  Not  influenced.  2.  Unaltered. 

ed  alkaline,  precipi- 
tate is  partially  or 
entirely  dissolved. 

3.  Caustic  potash  causes       3.  Slightly  influenced.  3.  Causes  the  precipitate 

no  furtner  change.  to     Ijecome     stringy 

or  roi)y. 

4.  Microscopic  examina-       4.  Negative.  4.  Pus-cells  showing  vari- 

tion  negative.  ous    stages    of    de- 

generation. 

5.  Insoluble  in  excess  of       5.  Feebly  soluble  in  large       5.  Insoluble. 

acetic  acid.  excess. 

6.  A  difl^use  or  indistinct       6.  A  sharp  ring  at  zone       6.  \n  albumin   ring  the 

hazy   band   at   zone  of  contact.  rule, 

of  contact  with  nitric 
acid  applied  by  Hel- 
ler's and  the  author's 
methods. 

7.  Yields  a  reducing  sub-       7.  Does  not  yield  reduc-       7.  Unimportant.        Does 

stance   when    boiled  ing  substances  as  a  not     contain     phos- 

with   mineral   acids;  rule.     Its    ash    con-  phorus. 

and  its  ash  does  not  tains  phosphorus. 
contain  phosphorus. 
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Clinical  Significance. — Nucleo-albumin,  or  a  substance  closely 
allied  to  it,  and  mucin  are  normal  constituents  of  the  urine,  and 
are  to  be  found  in  large  amounts  during  the  course  of  catarrhal 
processes  of  the  urinary  tract,  especially  of  the  bladder. 

Emulsion-albuminuria. — Under  this  caption  Cramer*  has 
described  a  unique  condition  of  the  urine.  In  this  condition 
the  urine  is  chylous  in  appearance,  but  when  placed  under  the 
microscope  its  turbidity  is  found  to  be  due  to  a  peculiar  hazing 
of  the  entire  field  caused  by  innumerable  minute  globules  of  fat. 
When  extracted  with  ether  no  fat  is  to  be  obtained  and  the  osmic- 
acid  reaction  is  negative.  After  the  evaporation  of  the  ethereal 
solution  an  almost  colorless  residue  results,  which  in  one  instance — 
Coriat's  case  f — emitted  an  odor  of  burned  sugar.  Fehling's  solu- 
tion gives  a  doubtful  reaction,  and  Nylander's  (bismuth)  test  is 
negative.  There  is  no  formation  of  an  osazone  with  phenyl- 
hydrazin  and  sodium  acetate  (page  229).  No  volatile  liquid  is 
obtained  by  destructive  distillation  (acrolein  test).  The  milkiness 
of  such  urine  is  changed  to  a  mere  opalescence  upon  the  addition 
of  a  few  drops  of  acetic  acid  or  of  potassium  hydrate.  Dilution 
of  the  urine  with  several  times  its  own  volume  of  water  also 
causes  a  mere  opalescence. 

Urine  acidulated  with  hydrochloric  acid  and  heated  upon  a 
water-bath  for  one  hour  may  deposit  a  crystalline  substance  which 
is  probably  allantoin.  This  body  appears  to  be  more  closely 
allied  to  crystalline  globulin;  the  crystals  occasionally  found  in 
urines  containing  Bence- Jones'  albumose;  and  also  the  colloidal 
solution  of  metals,  where,  by  electric  pulverization  of  such 
metals  as  platinum,  silver,  and  iridium,  they  become  mechanically 
suspended  as  fine  particles  in  water  or  other  fluids.  The  urine 
partly  cleared  by  dilution  or  otherwise  gives  the  ordinary  reactions 
for  proteids. 

Upon  boiling,  a  copious  precipitate  is  obtained;  the  super- 
natant liquid  first  becoming  opalescent  and  eventually  clear. 
Artificial  peptic  digestion  also  clears  the  urine;  but  it  remains 
milky  upon  the  addition  of  hydrochloric  acid  alone. 

Microscopy. — The  sediment  of  such  urine  is  likely  to  contain 
crystals  of  uric  acid,  amorphous  urates  (few),  leukocytes,  and  in 
one  instance  pus  and  a  few  erythrocytes  were  found. 

Thus  far  I  have  been  able  to  recover  from  the  literature  re- 
ports of  but  four  examples  of  emulsion-albuminuria. 

Albumoses. — Acidify  10  to  20  c.c.  of  urine  with  acetic  acid 
and  to  it  add  a  saturated  solution  of  sodium  chlorid,  and  shake. 

*  "Mtinchcncr  mcd.  Wochensrh.,"  Jan.  21,  1902. 
t"Med.   Rec,"  Nov.   14,   1903. 
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Albumoses  cause  a  precipitate  to  appear  upon  gentle  application 
of  heat  before  the  boiling-point  is  reached,  but  should  ebullition 
be  prolonged,  this  precipitate  is  dissolved  in  part  or  in  its  entirety, 
to  reappear  on  coohng;  and  when  filtered  hot,  the  filtrate  becomes 
cloudy  on  cooling.  Render  the  hot  filtrate  alkaline  with  sodium 
hydrate  and  to  it  add,  drop  by  drop,  a  i  per  cent,  solution  of 
copper  sulphate;  continue  to  heat,  and  a  red  color  develops  (biuret 
reaction). 

Millon's  Reaction. — Millon^s  Reagent. — 

Mercury i  part 

*    Nitric  acid  (specific  gravity  i  .42) 2  parts 

Distilled  water 6      ** 

Place  10  c.c.  of  urine  in  a  test-tube  and  to  it  add  a  small  quan- 
tity of  Millon's  reagent ;  boil  briskly  and  a  red  color  develops. 
(Allusion  to  further  tests  for  albumoses  is  made  under  Serum- 
albumin f  page  210,  and  in  connection  with  Bence- Jones*  albu- 
mose,  page  218.) 

Peptones. — Peptones,  in  the  opinion  of  Kiihne,  do  not  occur 
in  the  urine,  but  the  substance  generally  regarded  as  peptone  is 
classified  under  this  caption  for  want  of  a  more  appropriate  term. 

Test. — Salkawski's  Method. — i.  Place  50  c.c.  of  the  urine  in 
a  beaker  and  acidify  with  5  c.c.  of  hydrochloric  acid;  add 
phosphotungstic  acid,  heating  over  a  flame  for  five  minutes,  when 
a  precipitate  will  collect  in  the  form  of  a  resinous  mass  adhering 
closely  to  the  bottom  of  the  beaker. 

2.  Decant  supernatant  fluid,  wash  the  precipitated  mass  twice 
with  distilled  water,  decanting  after  each  washing. 

3.  Add  to  the  precipitate  8  c.c.  of  distilled  water  and  0.5  c.c. 
of  sodium-hydrate  solution  (specific  gravity  1.16).  Upon  shaking 
the  beaker  and  stirring  the  mass  with  a  glass  rod  it  is  readily 
dissolved,  and  the  solution  assumes  a  dark-blue  color. 

4.  Heat  over  the  flame  for  several  minutes,  when  the  blue 
color  is  replaced  by  a  dirty  grayish  yellow,  and  the  solution 
becomes  turbid,  though  rarely  it  remains  clear.  At  this  point 
place  a  few  cubic  centimeters  of  the  solution  in  a  test-tube,  cool, 
and  treat  with  a  i  per  cent,  solution  of  copper  sulphate  (drop  by 
drop)  when  a  bright-red  color  {biuret  reaction)  appears.  Albumin 
and  mucin  should  be  removed  from  the  urine  (see  page  206), 
though  the  latter  substance  seldom  interferes  with  the  reaction. 
By  this  method  0.015  gm.  of  peptone  per  100  c.c.  may  be  readily 
demonstrated. 

The  biuret  reaction  is  likewise  obtained  with  the  urine  of 
pneumonia  and  other  febrile  conditions.     When  question  arises, 
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not  more  than  lo  c.c.  of  urine  should  be  employed  for  the  reaction. 
Hematoporphyrin  (page  223)  will  be  found  to  interfere  with  this 
reaction,  in  which  case  the  urine  must  be  precipitated  by  barium 
chlorid,  an  alcoholic  extract  obtained,  and  the  filtrate,  which 
holds  in  suspension  the  albumoses,  examined. 

Clinical  Significance. — Peptone  may  appear  in  the  urine 
as  a  result  of  pathologic  conditions,  and  its  presence  is  probably 
dependent  upon  the  decomposition  of  organized  proteids,  except 
in  cases  of  the  enterogcnic  form  (constipation).  It  may  owe  its 
origin  pathologically  to  the  action  of  bacteria  upon  the  tissues, 
or  to  chemic  poisons  (phosphorus),  and  it  may  be  encountered 
with  the  various  cirrhoscs  of  the  liver,  acute  yellow  atrophy,  gas- 
tric cancer,  gangrene,  acute  or  chronic  suppuration,  acute  inflam- 
mation of  serous  surfaces,  leukocythemia,  infectious  fevers,  after 
death  of  fetus,  and  physiologically  during  involution  of  the  uterus. 

Bence- Jones'  Albumose. — This  form  of  albumosuria,  though 
extremely  rare,  is  doubtless  worthy  of  special  consideration,  and 
it  is  the  author's  belief  that  a  more  definite  knowledge  of  the 
reactions  common  to  this  body  will  facilitate  its  recognition, 
thereby  elucidating  a  number  of  obscure  conditions.  Since  the 
original  report  of  Henry  Bence-Jones,  there  have  appeared  in 
the  literature,  from  time  to  time,  reports  of  thirty-five  cases  of 
Bence-Jones'  albumosuria;  four  of  these  having  been  studied 
by  the  author.* 

Tests. — I.  Place  from  10  to  20  c.c.  of  filtered  urine  in  a  test- 
tube  and  heat,  allowing  the  flame  to  warm  the  upper  stratum  of 
the  urine.  Bence-Jones'  albumose  causes  an  opalescence  to 
appear  long  before  the  boiling-point  is  reached,  and  when  near 
the  boiling-point,  the  fluid  becomes  opaque,  and  coarse  flocculi 
are  seen  falling  to  the  stratum  of  unheated  urine.  When  the 
boiling-point  is  reached  this  turbidity  will  be  seen  to  diminish 
slightly.  When  ebullition  is  prolonged  for  from  one  to  three 
minutes,  a  portion  and,  sometimes,  nearly  all  the  turbidity  dis- 
appears; but  upon  standing  the  tube  aside  and  allowing  the  urine 
to  cool,  this  clouding  reappears  and  is  often  more  pronounced  than 
before  the  boiling-point  was  reached. 

2.  Place  from  10  to  40  c.c.  of  the  filtered  urine  in  a  beaker 
and  heat  over  a  water-bath,  keeping  careful  watch  at  what  tem- 
peraliu-e  the  o])alescence  is  observed.  Bence-Jones'  albumose  causes 
a  sli.2;ht  cloud  at  ^2""  C.  (125.6°  F.),  and  at  54°  to  56°  C.  (129.2° 
to  132.8°  F.)  a  marked  turbidity  appears,  which  develops  into  a 
dense  cloud  al  from  56°  to  60°  C.  (132.8°  to  140°  F.).     A  rather 

*  Phila.  Col.  Physician^.  June  4,  1Q02;  Anders  and  Boston,  "  Lancet,"  Jan.  10, 
1903;  "  AmcT.  Jour.  Med.  Sti.,"  .April,  IQ03. 
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tough  coagulum  formed  in  one  urine  examined  when  heated 
from  60®  to  90°  C.  (140°  to  194°  F.).  According  to  some  writers, 
the  addition  of  a  few  drops  of  acetic  acid  to  the  urine  may  cause 
the  opalescence  to  appear  at  a  lower  temperature  (37°  C.  or  98.6° 
F.),  though  this  has  not  been  my  experience.  The  coagulum 
or  precipitate,  however  dense,  will  be  found  to  dissolve  in  part 
when  kept  from  two  to  six  minutes  at  a  temperature  of  95°  to 
100°  C.  boiling. 

3.  Upon  the  addition  of  concentrated  nitric  acid,  drop  by  drop, 
to  the  urine,  the  upper  one-third  of  which  has  been  gently  heated, 
a  precipitate  appears  in  the  track  of  the  acid  as  it  travels  through 
the  cold  stratum  of  the  urine  to  the  bottom,  where  after  the  ad- 
dition of  several  drops,  a  rather  dense  precipitate  of  a  sHght  pink 
or  yellowish  hue  collects.  In  some  specimens  this  precipitate 
upon  standing  becomes  a  golden  color. 

4.  Add  to  the  urine  nitric  acid,  drop  by  drop,  shaking  after 
each  additional  drop,  when  a  slight  pinkish  tint  appears  affecting 
mostly  the  heated  portion  of  the  urine. 

5.  Place  20  c.c.  of  urine  in  a  test-tube,  acidulate  with  acetic 
acid,  and  heat  gradually  to  the  boiling-point,  cool,  and  filter.  The 
filtrate  thus  obtained  apparently  contains  but  little  proteid,  dis- 
playing a  slight  opalescence  with  acetic  acid,  but  no  precipitate 
appearing  with  nitric  acid.  Nitric  acid  when  added  to  such 
filtrate  may  lend  a  pinkish  tint  to  the  fluid,  which  upon  the  ad- 
dition of  ammonia  often  assumes  a  yellowish  shade. 

6.  Place  50  c.c.  of  the  urine  in  a  beaker,  heat  over  a  water- 
bath  to  54°  C.  (129.2®  F.),  and  filter.  Dissolve  the  precipitate  that 
collects  on  the  filter  by  washing  with  a  solution  of  caustic  soda  (30 
per  cent.);  and  then  test  for  Millon*s  and  the  biuret  reactions 
(Millon  and  biuret  tests,  page  217). 

7.  This  precipitate  when  heated  with  lead  acetate  (i  per 
cent,  solution)  and  caustic  soda  (30  per  cent.)  first  displays  slight 
browning,  but  after  the  boiling  has  been  prolonged  for  one  or 
more  minutes,  the  color  gradually  deepens  to  a  dull  black  due  to 
the  formation  of  lead  sulphid.  Matthes,  Milroy,  Magnus  Levy, 
and  Huppert  regard  this  reaction  as  dependent  upon  the  fact  that 
the  precipitate  contains  sulphur  (loosely  combined)  in  considerable 
amount  and  as  one  of  the  most  characteristic  features  of  Bence- 
Jones*  albumose. 

Saturation  with  Neutral  Salts, — i.  Place  a  quantity  of  filtered 
urine  in  a  beaker  and  to  it  add  an  equal  volume  of  neutral  solu- 
tion of  ammonium  sulphate  which  will  be  found  completely  to 
precipitate  the  albumose. 

2.  Saturation  with  sodium  chlorid  (equal  volume)  in  neutral 
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solution  causes  a  precipitate  of  but  a  portion  of  the  albumose; 
the  filtrate  clouding  decidedly  upon  the  addition  of  a  small  quan- 
tity of  dilute  acetic  acid;  but  the  filtrate  from  this  second  pre- 
cipitate does  not  contain  albumose.  Bence-Jones'  albumose 
diflfers  from  proto-albumose  and  hetero-albumose  in  that  it  is  not 
completely  precipitated  with  sodium  chlorid  in  neutral  solution. 
It  resembles  hetero-albumose  in  that  it  is  precipitated  on  the 
addition  of  acetic  acid  after  saturation  with  sodium  chlorid  or 
magnesium  sulphate,  but  difiFers  from  this  body  in  being  precipi- 
tated at  a  temperature  of  52°  C.  (125.6°  F.). 

Bence- Jones'  albumose  is  precipitated  by  sulphuric,  hydro- 
chloric, tannic,  and  picric  acids.  Reactions  5  and  6  will  be  found 
equally  decisive  after  the  urine  has  been  saturated  with  neutral 
salt.  Place  50  c.c.  of  the  filtrate  thus  obtained,  which  contains 
albumose,  in  a  beaker  and  add  a  drop  of  hydrochloric  acid;  stir 
gently,  after  which  a  few  drops  of  phosphotungstic  acid  should 
be  added  and  heat  gradually  applied,  which  when  prolonged  for 
a  few  minutes  causes  a  copious  precipitate  to  collect  at  the  bottom 
in  the  form  of  a  rather  tough,  whitish  mass.  Decant  the  clear 
supernatant  fluid,  and  dissolve  this  precipitate  in  a  30  per  cent, 
solution  of  caustic  soda,  adding  drop  by  drop.  This  usually 
gives  a  colorless  mixture,  but  occasionally  it  will  be  found  to 
display  a  blue  or  purple  tint,  which  disappears  when  the  specimen 
is  gently  heated. 

Special  Tests. — The  Millon,  biuret  (page  217),  and  sulphur 
reactions  may  now  be  continued  as  described  under  5  and  6. 
Kiihne  and  Matthes  found  Bence-Joncs'  albumose  to  contain 
phophorus  in  rather  large  amounts,  while  Milroy  was  unable  to 
recover  phosphorus  in  his  studies.  Simon  has  subjected  this  body 
to  peptic  digestion. 

Histon. — Bencc-Jones'  albumose  resembles  in  many  respects 
histon,  which  under  certain  conditions  may  be  derived  from 
nuclco-histon,  a  proteid  of  the  leukocytes.  Milroy  regards  histon 
to  be  an  intermediate  between  albumin  and  albumose.  Histon 
is  precipitated  from  acid  solutions  by  ammonia,  while  albumose 
causes  no  precipitate.  Histon  when  heated  yields  a  precipitate 
which  is  soluble  in  dilute  acids.  It  is  precipitated  on  the  addi- 
tion of  nitric  acid;  this  precipitate  disappearing  w^hen  heated  to 
the  boiling-point,  to  reappear  on  cooling.  It  gives  a  decided 
rose-pink  color  with  copper  sulphate  and  caustic  soda  (biuret). 

Glohin. — Shullz  and  Milroy  have  studied  correlatively  the 
reactions  for  Bencc- Jones'  albumose  and  for  globin,  and  found  these 
bodies  to  behave  alike  when  treated  with  strong  hydrochloric  and 
nitric  acids,  and  also  to  give  the  biuret  reaction.     Albumose  gives  a 
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distinct  red  with  Millon's  reagent,  globin  a  pink;  and  albumose 
contains  loosely  combined  sulphur.  Globin  when  precipitated 
by  heat  is  readily  soluble  in  dilute  acids,  a  feature  less  prominent 
in  albumose. 

Clinical  Significance  and  Peculiarities. — Bencc- Jones'  albu- 
mosuria is  a  condition  which  manifests  itself  after  the  age 
of  twenty  years.  Males  are  affected  in  80  per  cent,  of  the  cases. 
In  15  per  cent,  of  cases  there  is  a  history  of  traumatism  inflicting 
severe  injury  to  the  bony  skeleton.  Primary  lesions  of  the  bones 
(myeloma)  have  been  found  postmortem  in  80  per  cent,  of  cases. 

This  condition  (albumosuria)  may  be  persistent,  transitor)', 
or,  less  commonly,  remittent,  occurring  in  variable  degrees  at 
different  hours  during  the  day.  The  specific  gravity  of  the  urine 
may  fluctuate  between  1.002  and  1.040,  and  there  appear  records 
of  six  instances  where  the  urine  resembled  syrup.  The  color  of 
the  urine  varies  greatly.  The  quantity  for  the  twenty-four  hours 
is  usually  normal,  though  polyuria  may  develop. 

Maladies  dispkying  albumosuria  are  usually  fatal  in  from 
one  to  two  and  one-half  years. 

Hematuria. — Hematuria  is  a  condition  wherein  the  cellular 
elements  of  the  blood  escape  through  the  urine,  giving  to  this 
secretion  a  bloody  color  which  upon  standing  becomes  of  a  more 
or  less  blackish  or  brownish  red,  and  at  the  bottom  of  the  hquid 
there  is  seen  a  chocolate  precipitate  containing  blood-cells  and 
often  blood  crystals.  The  reaction  of  the  urine  modifies  the 
microscopic  character  of  the  precipitate. 

Heller's  Test. — This  test  depends  upon  the  presence  of  blood- 
pigment  and  therefore  gives  a  j)ositive  reaction  with  both 
hematuric  and  hemoglobinuric  urines.  Place  a  test-tube  in  urine 
to  the  height  of  two  inches  and  render  strongly  alkaline  with  caustic 
soda  (30  per  cent.),  after  which  boil.  Blood-pigment  gives  a 
brownish-red  deposit,  while  the  supernatant  fluid  becomes  bottle- 
green.  This  precipitate  consists  of  earthy  phosphates  and  hematin 
derived  from  the  blood-pigment  present,  and  is  therefore  reddish 
in  color  instead  of  being  white  or  yellow  as  would  be  the  case  were 
only  phosphates  deposited.  Alkaline  urine  should  first  be  treated 
with  a  few  drops  of  calcium-chlorid  solution.  When  the  color 
of  the  urine  is  very  dark,  due  to  the  presence  of  pigments  of  blood 
or  bile,  decant  the  supernatant  fluid  and  add  to  the  precipitate 
an  equal  volume  of  water.  This  test  is  capable  of  detecting  i 
c.c.  of  blood  in  i  liter  of  urine. 

Fallacies. — ^When  the  patient  is  taking  senna,  santonin,  or 
rhubarb,  a  positive  reaction  is  obtained  with  the  urine  in  the 
absence  of  blood-pigments  and  it  is  necessary  to  resort  to  spectro- 
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scopic  analysis  to  distinguish  between  these  reactions  and  that 
of  blood. 

Hemoglobinuria. — Hemoglobinuria  is  a  condition  marked 
by  the  presence  of  hemoglobin  or  its  derivative,  methemoglobin, 
in  the  urine  without  the  presence  of  red  blood-cells,  and  is  excited 
by  the  conditions  capable  of  inducing  hemoglobinemia  (page 
141),  among  which  malaria  deserves  special  mention.  It  may 
occur  where  the  urine  shows  a  small  number  of  red  cells  micro- 
scopically, the  urine  containing  hemoglobin  whenever  the  red 
cells  are  present  in  sufficient  numbers.  The  specific  gravity  of 
such  urines  is  commonly  low  (1.008),  but  in  exceptional  instances 
it  may  reach  1.030.  Bloody  urine  is  turbid  and  therefore  pla- 
carded by  its  color,  which  may  vary  from  a  bright  red  to  almost 
a  black.  Oxyhemoglobin  can  be  recognized  as  such  by  the 
spectroscope,  since  it  gives  rise  to  the  appearance  of  two  absorp- 
tion-bands located  between  D  and  E  (Fig.  24). 

Microscopically,  red  blood-cells  are  rarely  present.  The  field 
contains  much  granular  debris,  among  which  are  seen  many  small 
droplets  which  are  often  of  a  yellowish  color.  Coarse  clusters  of 
yellowish  matter  are  to  be  seen,  as  are  also  crystals  of  hematoidin 
(Plate  17)  and  epithelial  cells  containing  granules  of  pigment. 

Spectrum. — Render  a  quantity  of  the  suspected  urine  add 
by  adding  a  few  drops  of  acetic  acid,  place  in  a  test-tube,  and  hold 
before  the  open  slit  of  the  spectroscope,  when  the  bands  of  oxy- 
hemoglobin will  be  seen.  Should  these  bands  not  appear  at 
once,  dilute  the  urine  with  distilled  water  until  they  become  per- 
ceptible. Add  a  few  drops  of  ammonium  sulphid  to  the  urine 
and  the  spectrum  is  converted  to  that  of  reduced  hemoglobin. 
In  my  own  experience  it  has  been  common  to  obtain  a  spec- 
trum of  reduced  hemoglobin  (Fig.  24)  in  cases  of  hemoglobinuria. 

Guaiacum  Test. — Place  one  inch  of  urine  in  a  test-tube  and 
allow  a  mixture  of  equal  parts  of  tincture  of  guaiacum  and  oil  of 
turpentine  that  has  been  ozonized  by  exposure  to  the  air  to  flow 
from  the  pipct  along  the  side  of  the  test-tube  so  as  to  form  a  dis- 
tinct layer  upon  the  urine.  Blood-pigment  causes  a  white  ring 
to  ap])car  at  the  zone  of  contact,  which  soon  changes  to  a  blue,  due 
to  oxidation  of  the  guaiac  by  oxygen  derived  from  the  ozonic  ether, 
the  blood-pigment  acting  as  a  carrier.  (Ozonic  ether  is  a  solution 
of  pcroxid  of  hydrogen  in  sulphuric  ether.) 

Fallacies. — Should  the  urine  contain  iodids,  the  blue  color  ako 
ap])cars  with  this  lest  and  is  to  be  distinguished  from  the  reaction 
due  to  blood  by  the  fact  that  the  color  appears  much  more  slowly 
and  in  addition  develops  simultaneously  throughout  the  fluid 
instead  of  at  the  junction  of  the  urine  and  the  ether.  In  the  pres- 
ence of  pus  a  greenish-blue  color  appears,  but  the  urine  is  decolor- 
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ized  on  heating.  Where  the  urine  has  been  voided  in  a  vessel  into 
which  sputum  has  been  collected,  saliva  will  be  found  to  cause 
this  reaction  with  guaiacum. 

Methemoglobinuria. — Methemoglobin  is  a  derivative  of  the 
blood  which  may  be  formed  from  hemoglobin,  in  acid  urine,  after 
it  has  been  allowed  to  stand  for  several  hours;  and  it  is  not  un- 
common to  find  methemoglobin  in  the  freshly  voided  urine. 
Clinically  it  has  been  regarded  as  indicative  of  renal  hemorrhage. 
The  urine  has  a  smoky  tint,  and  upon  spectroscopic  study  (see 
Blood,  page  45)  furnishes  the  only  satisfactory  test  for  methemoglo- 
bin.   For  this  purpose  it  is  well  to  filter,  and  also  to  dilute,  the  urine. 

Hematoporphyrinuria. — Iron- free  pigment  (hematin)  occurs 
normally  in  the  urine,  though  in  but  minute  amounts,  and  may 
be  considerably  increased  without  noticeably  altering  the  color 
of  the  urine,  while  in  hematoporphyrinuria  the  urine  has  a  port- 
wine  color  and  does  not  give  the  guaiac  reaction.  Spectroscopic- 
ally,  when  studied  in  a  thin  layer,  it  may  show  a  characteristic 
spectrum  of  the  so-called  *'alkaline  hematoporphyrin*'  (Fig.  24), 
and  in  this  way  may  be  encountered  in  acid  urines.  It  is  not  un- 
common, however,  for  spectroscopic  study  to  yield  negative  re- 
sults, and  in  such  instances  the  pigment  can  be  extracted  by 
shaking  the  urine  with  a  small  amount  of  amylic  alcohol  or  acetic 
ether,  after  the  addition  of  one  or  two  drops  of  acetic  acid.  The 
extract  thus  obtained  when  studied  spectroscopically  reveals  the 
bands  of  alkaline  hematoporphyrin,  which  are  four  in  number: 
one  at  the  junction  of  the  red  and  yellow  between  C  and  D,  a 
second  in  the  yellow,  a  third  in  the  green  both  between  D  and 
E,  and  a  fourth,  darkest  and  broadest,  appearing  between  E 
and  F,  and  the  green  and  the  blue  (see  Fig.  24).  The  bands  of 
hematoporphyrin  may  be  obtained  by  the  addition  of  one  or  more 
drops  of  hydrochloric  acid,  and  are  two  in  number:  one  narrow 
band  in  the  orange  between  C  and  D,  and  another  broader  band 
at  the  junction  of  the  yellow  and  the  green  between  D  and  E, 
which  is  the  characteristic  band.  In  realitv  this  consists  of  two 
halves,  a  lighter,  situated  nearest  the  narrow  band  and  a  very 
dark,  located  half  way  from  it. 

Clinical  Significance. — Hematoporphyrin  may  appear  in 
large  amounts  in  the  urine  of  persons  who  have  been  taking 
sulphonaL*  It  is  said  to  be  more  common  in  females  than  in 
males  and  should  be  regarded  as  a  grave  symptom. 

Histon. — Collect  the  product  of  twenty-four  hours  and  examine 
first  for  serum-albumin  and  albumose,  as  has  been  previously 
outlined  (page  200).     Precipitate  the  histon  with  from  90  to  94 

♦Tyson  and  Croftan,  "Phila.  Med.  Jour.,'*  May  17,  1902,  p.  882. 
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per  cent,  alcohol,  and  wash  the  precipitate  with  hot  alcohol  and 
dissolve  in  boiling  water;  cool,  acidify  with  a  few  drops  of  hydro- 
chloric acid,  and  set  aside  for  several  hours.  During  this  time 
clouding  and  decided  precipitate  appear,  composed  largely  of 
uric  acid  (which  has  to  be  separated  by  filtration),  and  the  filtrate, 
precipitated  with  ammonia,  which  throws  out  of  solution  histon 
and  certain  other  constituents  of  the  urine.  Collect  the  precipitate 
on  a  filter,  and  wash  with  anmioniacal  water  until  the  wash- water 
fails  to  give  the  biuret  reaction.  Dissolve  the  precipitate  in  dilute 
acetic  acid  and  test  the  solution  for  the  biuret  reaction.  Should 
this  be  positive  and  coagulation  occur  upon  the  application  of 
heat,  and  the  coagulum  be  soluble  in  mineral  acids,  histon  is 
probably  present  (see  Differential  Points  for  Histon  and  Benct- 
Jones^  Albumose,  page  220). 

Fibrin. — Fibrin  may  occur  in  the  urine  in  the  form  of  rather 
decided  clots,  and  their  character  is  quite  distinct  after  thorough 
washing  with  water.  Clots  of  fibrin  are  dissolved  by  boiling  in 
a  I  per  cent,  solution  of  soda  or  in  a  5  per  cent,  solution  of  hydro- 
chloric acid.  After  the  dissolution  of  these  fibrinous  coagula, 
test  the  urine  for  serum-albumin  (page  206). 

CARBOHYDRATE  (SUGAR)  IN  THE  URINE. 

The  sugars  that  occur  in  the  urine  which  are  of  practical  im- 
portance from  a  clinical  point  of  view  are  glucose  and  lactose. 
It  is  possible,  however,  that  levulose  sometimes  occurs  in  con- 
junction with  glucose,  and  cane-sugar  and  maltose  may  appear 
in  the  urine  after  the  ingestion  of  a  large  amount  of  either  of  these 
substances.  Their  occurrence  is  commonlv  described  under  the 
special  caption  of  pentoses  (page  238).  Their  clinical  importance 
is  at  present  undetermined. 

GLUCOSE. 

Glucose  (dextrose  or  grape-sugar,  C^f^Y[^^0^)  forms  by  far 
the  commonest  variety  of  sugar  encountered  in  the  urine,  and  its 
presence  there  is  commonly  referred  to  as  **glucosuria,"  yet 
properly  sj)caking  glucosuria  is  not  true  diabetes  mellitus  unless 
glucosuria  forms  the  most  conspicuous  feature  of  the  condition. 
A  mere  trace  of  glucose  may  be  met  with  in  normal  urine,  but  not 
in  sulTicicnt  amounts  to  render  it  capable  of  detection  by  the 
reagents  commonly  employed  for  this  purpose.  Therefore, 
whenever  a  reaction  for  glucose  is  obtained  by  our  present  labora- 
tory methods,  a  pathologic  glucosuria  exists. 

Clinical    Significance. — Glucosuria    may  be    persistent    or 
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transitory,  the  latter  form  of  which  will  be  divided  into  three 
classes  for  the  convenience  of  study. 

Transitory  Glucosuria.—h  is  quite  impossible  within  the  scope 
of  this  volume  to  discuss  in  detail  the  various  forms  of  transitory 
glucosuria,  and  therefore  mere  allusions  to  such  conditions  will 
be  made.  As  previously  staled,  there  is  a  faint  trace  of  glucose 
in  normal  urine,  and  it  has  been  further  found  that  after  breakfast, 
if  the  meal  be  rich  in  carbohydrates,  sugar  is  usually  demon- 
strable in  the  urine.  In  addition  to  diabetes  mellitus,  the  causal 
factors  of  which  are  not  herein  discussed,  there  are  to  be  encoun- 
tered the  so-called  alimentary  glucosurias,  and  in  certain  low-grade 
conditions  transitory  glucosuria  is  not  an  unusual  occurrence. 
For  convenience  of  study  these  transitory  glucosurias  may  be 
classified  under  the  following  subheadings:  (a)  toxic;  {b)  those 
associated  with  disease  or  injuries  to  the  human  organism;  and 
(c)  puerperal  glucosuria. 

Toxic  gltuosuria  is  to  be  seen  after  the  administration  of 
hydrochloric  acid,  sulphuric  acid,  mercury,  strjchnin,  glycerin, 
alcohol,  nitrobenzol,  lead,  arsenic,  phosphorus,  potassium  iodid, 
caffein,  thyroid  extract,  tuberculin,  pancrcatin,  phloridzin,  diurctin, 
carbon  monoxid,  and  morphin.  Analgesics  and  anesthetics  also 
possess  the  power  of  exciting  transitorj-  glucosuria,  and  several 
instances  are  recorded  where  glucosuria  has  followed  the  admin- 
islralion  of  chloral,  chloroform,  and  aniyl  nitrite;  and  three 
observers  have  found  small  quantities  of  sugar  in  the  urine  after 
ether  anesthesia,  while  Andral  reports  a  case  of  true  diabetes 
developing  after  ether  anesthesia. 

When  the  urine  is  capable  of  reducing  copper  after  the  ad- 
ministration of  any  of  the  above  named  drugs,  the  phenylhydrazin 
test  should  be  employed,  as  there  are  likely  to  be  other  reducing 
agents  present  in  such  urines. 

Among  the  pathologic  conditions  wherein  transitory  glucosuria 
has  been  detected  should  be  mentioned  cerebrospinal  menin- 
gitis, in  which  disease  I  have  found  it  to  be  of  a  rather  common 
occurrence;  cholera,  relapsing  fever,  ij-phoid  fever,  diphtheria 
(in  which  I  have  seen  two  instances),  phthisis,  certain  of  the 
exanthemata,  as  scarlet  fever,  hepatic  cirrhosis,  rickets,  gas- 
tritis, during  malarial  paroxysms,  scarlatinal  nephritis,  chronic 
interstitial  nephritis,  cholelithiasis,  syphilis,  asthma,  whooping- 
cough,  and,  according  to  the  late  Da  Costa,  in  old  age.  Again, 
glucosuria  may  follow  injuries  to  the  cerebrospinal  syslem  and 
Cerebral  or  pontine  hemorrhage,  traumatism  to  the  head,  cerebral 
abscess  or  tumor.  It  may  occur  in  disseminated  sclerosis,  epi- 
lepsy, neuralgias,  sciatica,  and  the  various  forms  of  insanity.  It 
>i 
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has  also  been  observed  during  the  course  of  exophthalmic  goiter, 
myxedema,  and  neurasthenia;  as  well  as  following  traumatic 
neuroses,  physical  derangements,  and  anxiety  or  sudden  emo- 
tions. The  term  functional  glucosuria  has  been  appUed  where 
glucosuria  develops  in  connection  with  many  of  these  conditions, 
but  in  all  instances  it  is  liable  to  be  transitory  in  nature. 

Ptierperal  lactosuria  is  much  more  common  than  is  glucosuria, 
although  the  latter  condition  is  but  rarely  seen  (see  Lactosuria^ 
page  238).  This  form  may  possibly  be  toxic,  although  it  is  physio- 
logic unless  the  quantity  of  sugar  be  large.  Roque*  suggests 
the  following  classification  of  glucosuria : 

Intermiltent  glucosuria  0}  arthritis^  which  should  probably  be 
included  with  hereditary  glucosuria  of  the  young,  as  well  as  that 
of  gouty  adults  and  obesity. 

Digestive  glucosuria  is  simply  recognized  by  its  disappearance 
after  the  withdrawal  of  carbohydrates  from  the  diet  and  the 
removing  of  digestive  disturbances. 

Nervous  glucosuria,  including  those  conditions  associated  with 
systemic  affections  involving  the  nervous  system,  neuroses,  psy- 
choses, and  traumatism. 

Tests  for  Glucosuria. — Many  of  the  tests  for  glucose  depend 
upon  the  fact  that  these  substances  become  oxidized  by  the  ex- 
penditure of  certain  metallic  oxids;  such  oxidation  occurring 
easily  at  a  temperature  near  the  boiling-point  and  in  the  presence 
of  a  free  caustic  alkali.  Copper  serves  as  the  most  suitable  metal 
for  this  test.  Take  a  solution  of  caustic  soda  and  to  it  add  a  few 
drops  of  a  very  dilute  solution  of  sulphate  of  copper — a  blue  pre- 
cipitate develops  which  is  hydrated  cupric  oxid  (CuOH^O).  Upon 
boiling,  this  blue  precipitate  changes  to  black  from  the  separation 
of  cupric  oxid  (CuO).  When  in  the  presence  of  certain  substances, 
such  as  tartrate,  the  cupric  hydrate  previously  formed  on  the 
addition  of  the  sulphate  is  retained  in  solution  instead  of  being 
precipitated,  and  gives  the  fluid  a  deep  blue  color  which  is  un- 
altered by  boiling.  In  the  presence  of  oxidizable  substances,  as 
glucose,  the  blue  cupric  hydrate  is  reduced,  when  the  temperature 
is  raised  to  near  the  boiling-point,  to  form  cuprous  hydrate  (Cu,- 
OHjO),  which  when  thrown  out  of  the  solution  appears  as  a  yellow 
precipitate;  or  should  it  be  further  dehydrated,  cuprous  oxid 
(CuO)  forms,  which  is  red. 

Caution. — The  solution  containing  glucose  when  rendered 
alkaline  with  caustic  soda  and  treated  with  a  few  drops  of  cupric- 
sulphatc  solution  causes  cupric  hydrate  to  be  formed,  which  may 
be  dissolved  and  the  blue  solution  remain  unchanged,  but  when 

*  Paris,    1899. 
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heated  to  the  boiiing-poim  glucose  reduces  the  cupric  hydrate 
and  the  yellow  cuprous  hydrate  or  the  red  cuprous  osid  appears 
as  a  precipitate. 

Fehling's  Test. — Reagents. — Solution  I:  Powder  54.64  gm. 
of  pure  crjstallized  sulphate  of  copper,  and  dissolve  in  200  c.c. 
of  warm  distilled  water;    cool,  and  add  distilled  water  to  make 


filter,  and  add  70  gm.  of  pure  caustic  soda  ;  cool,  adding  sufficient 
water  to  make  500  c.c.  The  solutions  should  be  kept  in  colored 
glass-stoppered  bottles. 

Preparation  oj  Urine. — ^I.  Place  10  c.c.  of  urine  in  a  beaker, 
boil,  and  without  removing  any  precipitate  add  to  it  5  c.c.  of  the 
copper-sulphate  solution  used  in  preparing  Fehling's  solution,  and 
after  cooling  add  0.5  c.c.  of  a  saturated  solution  of  sodium  acetale 
which  contains  sufficient  acetic  acid  to  give  to  the  mi.xture  a  rather 
feeble  acid  reaction.  FiUer.  Employ  the  filtrate  in  testing  with 
Fehling's  solution  as  outlined  below.  The  urine  must  be  freed 
from  albumin,  and  it  is  well  to  add  a  few  drops  of  acetic  add; 
boil  and  filter,  after  which  neutralize  the  filtrate  with  calcium 
carbonate. 

II.  Fehling's  test  is  not  applicable  to  ammoniacal  urine,  as 
the  free  ammonium  may  prevent  the  precipitation  of  cuprous  oxid. 
When  the  glucose  present  is  more  than  necessary  for  the  reduction 
of  all  the  cupric  orid,  the  remaining  glucose,  should  ebuUilJon  be 
prolonged,  is  liable  to  be  caramelized,  in  which  case  both  the 
Uquid  and  the  precipitate  assume  a  dark  brownish  color.  Mix 
equal  volumes  of  solution  (I)  and  {II)  which  results  in  an  alkaline 
solution  of  polassic  cupric  tartrate,  i  c.c.  of  which  is  reduced  by 
5  mgm.  of  pure  glucose.  When  preparing  for  qualitative  anah'sis 
add  to  this  mixture  three  times  its  volume  of  water,  which  will 
result  in  a  pale-blue  solution. 

III.  Fill  a  test-tube  two-thirds  full  with  the  diluted  Fehling's 
reagent,  and  boil  the  upper  portion  of  the  reagent  for  one  minute. 
If  the  reagent  remains  clear  it  is  fit  for  use,  but  should  the  sUghtest 
turbidity  ensue,  its  employment  is  unsafe,  and  caustic  soda  should 
be  added  to  the  solution,  after  which  filtration  is  necessarj'  before 
use. 

IV.  Grasp  the  tube  containing  the  reagent  between  ihe  thumb 
and  finger  (see  Plate  14),  and  heat  the  upper  portion  of  the  liquid 
over  a  free  flame,  at  the  same  time  adding,  drop  by  drop,  urine 
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from  a  pipet,  and  heating  after  each  additional  drop  of  the  sus- 
pected albumin-free  urine.      In  the  presence  of  a  considerable 
quantity  of  glucose,  a  yellow  or  red  precipitate  suddenly  develops, 
its  color  changing  gradually  according  to  the  quantity  of  glucose 
present,  as  well  as  to  the  dilution  of  the  copper  solution  and  the 
presence  of  other  substances,  such  as  uric  acid  and  kreatinin. 
From  5  to  20  drops  are  sufficient  to  cause  a  reduction  of  the  copper 
when  glucose  is  present  in  pathologic  amounts,  yet  more  urine  is 
often  required.    As  the  reduction  develops,  small  drops  of  the 
urine  wiU  be  seen  falling  from  the  under  surface  of  the  reaction 
(precipitate)  through  the  clear  reagent  and  will  cause  a  precipitate 
to  form  in  the  track  of  the  urine  as  it  traverses  the  reagent  toward 
the  bottom  of  the  tube  (Plate  14).  This  occurs  only  when  glucose 
is  present  in  considerable  amounts,  but  when  seen  is  a  most  char- 
acteristic feature.     Such  reactions  after  standing  for  a  time  are 
likely  to  show  a  diminishing  of  the  yellow  precipitate  suspended 
near  the  top  of  the  tube,  while  at  the  bottom  a  rather  coarsely 
granular  sediment  collects  (Plate  14). 

Cautions. — Never  boil  the  upper  portion  of  the  urine  briskly 
and  do  not  heat  the  lower  portion,  since  boiling  obscures  the 
characteristic  features  of  the  reaction,  and  renders  the  significance 
of  the  copper  reaction  questionable.  Should  no  decoloration  of 
the  copper  solution  follow  the  addition  of  the  urine,  continue 
until  the  quantity  of  the  urine  that  has  been  added  nearly  equals 
in  volume  that  of  the  reagent.  Boil  gently  for  a  few  seconds  and 
set  aside.  If  upon  cooling  no  precipitate  develops,  sugar  is  absent. 
When  the  precipitate  develops  late,  the  liquid  first  shows  slight 
clouding  and  passes  through  the  various  stages  from  a  clear  bluish 
green  to  a  light-green  color,  which  often  appears  milky  and  is  by 
some  authors  regarded  as  rather  characteristic  of  dextrose,  though 
it  is  more  likely  the  result  of  some  additional  substance  which 
interferes  with  the  characteristic  reaction.  Fehling's  test  is  capa- 
ble of  detecting  0.8  per  cent,  of  glucose,  in  which  case  the  pre- 
cipitate is  yellow  or  red,  but  the  color  does  not  form  until  the  liquid 
cools. 

Other  Substcnces. — Copper  is  capable  of  being  reduced  by 
uric  acid,  kreatinin,  calcium  oxalate,  and  hippuric  acid,  all  of 
which  are  constituents  of  normal  urine  (and  among  abnormal 
ingredients  are  to  be  mentioned  lactose,  glycuronic  acid,  glycosuric 
acid),  and  following  the  administration  of  such  drugs  as  chloro- 
form, chloral,  benzoic  acid,  salicylic  acid,  potassium  iodid, 
salicylates,  glycerin,  and  carbolic  acid  (see  Alkaptonuria,  page 
247).  When  the  precautions  previously  set  forth  have  been  ob- 
served, there  are  but  two  substances  likelv  to  confuse  the  reac- 
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lions  for  glucose,  viz.,  glycuronic  acid  and  lactose,  a  point  to  be 
determined  by  the  following  tests: 

Nylander's  or  Bdttger's  Test. — This  reaction  depends  upon 
the  power  of  glucose  to  reduce  the  bismuth  compounds  when  in 
alkaline  solution,  with  the  formation  of  the  black  suboxid. 

Reagent. — Dissolve  10  gm.  of  caustic  soda  in  90  c.c.  of  warm 
water,  and  add  4  gm.  of  sodiopotassium  tartrate  and  2  gm.  of 
bismuth  subnitrate.  After  shaking  thoroughly  a  hydrated  oxid 
of  bismuth  is  formed  and  is  held  in  solution  by  the  tartrate.  Boil, 
filter,  and  keep  in  a  glass-stoppered  amber  bottle.  Place  10 
C.C.  of  urine  in  a  test-tube  and  to  it  add  i  c.c.  of  the  reagent, 
shaking  sufficiently  to  cause  a  thorough  mingling  of  the  reagent 
through  the  urine;  then  boil  over  a  flame  for  from  one  to  three 
minutes.  Sugar  causes  at  first  a  brown  and  later  a  black  prc- 
dpitate  of  bismuthous  oxid  (metallic  bismuth)  to  be  thrown 
down.  This  reaction,  while  extremely  delicate,  is  less  liable  to 
occur  with  the  substances  normally  found  in  the  urine,  and  men- 
tioned under  Fehling's  test.  It  does  occur  as  the  result  of  gly- 
curonic acid,  lactose,  after  the  administration  of  rhubarb,  salol, 
antipyrin,  senna,  and  turpentine;  and  when  urine  contains  an 
abundance  of  oxalate  of  calcium,  a  dark-brown  precipitate  is 
produced.  Urines  containing  traces  of  sulphur  also  give  this 
reaction,  and  albumins  favor  the  precipitation  of  the  black  sulphid 
of  bismuth. 

Picric-acid  Test. — Place  10  c.c.  of  urine  in  a  test-tube  and 
to  it  add  one-fourth  its  volume  of  a  standard  solution  of  picric 
acid;  shake,  and  heat  after  adding  a  few  drops  of  caustic  potash. 
In  the  presence  of  sugar  the  solution  assumes  a  dark- red  color 
which  is  dependent  upon  the  conversion  of  picric  to  picramic  acid. 

Caution. — The  kreatinin  contained  in  normal  urine  may  cause 
some  darkening  of  the  fluid,  but  the  color  does  not  resemble  that 
produced  by  sugar,  and  the  solution,  while  colored,  does  not  be- 
come cloudy.  Any  impurity  of  the  reagent  may  show  spontaneous 
darkening  when  heated  with  caustic  potash. 

Phenylhydrazin. — Place  in  a  beaker  one-half  gm.  of  phenyl- 
hydrazin  hydrochlorate  (colorless  crystals)  and  i  J  gm.  of  sodium 
acetate  with  sufficient  water  to  dissolve,  with  the  aid  of  gentle 
heat  over  a  water-bath;  then  to  this  solution  add  5  c.c.  of  the 
suspected  urine  and  boil  the  mixture  for  from  three  to  five  minutes; 
after  which  set  aside  and  cool.  Should  sugar  be  present  the 
crystals  will  soon  accumulate  at  the  bottom  of  the  liquid.  A 
step  which  I  prefer  is  to  centrifugate  some  of  this  urine  in  order 
to  recover  the  crystals  for  microscopic  study.  These  crystals  of 
phenylglucosazone  appear  as  small  needles,  are  of  a  bright  yellow 
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color,  and  may  appear  singly,  though  commonly  tend  to  congre- 
gate in  rather  dense  aggregations,  often  arranging  themselves  in 
bundles,  sheaves,  stars,  and  fans.  They  are  seen  with  a  one- 
sixth  lens.  The  phenylhydrazin  test  is  sufficiently  delicate  for 
the  demonstration  of  o.oi  per  cent,  of  glucose.  The  melting- 
point  of  phenylglucosazone  is  205®  C.  (401®  F.),  while  maltosazone 
melts  at  190°  to  191°  C.  (374°  to  375.8°  F.). 

Caution. — Maltose  and  certain  pentoses  are  also  capable  of 
causing  the  formation  of  osazone.  Crystals  of  lactose  are,  as  a 
rule,  short,  heavy,  and  pointed  at  both  extremities,  and  unless 
the  sediment  be  centrifugated,  shoyr  little  tendency  to  form 
aggregations. 

Rigler's  Test. — Place  one  and  one-half  gm.  of  pure  phenyl- 
hydrazin crystals  and  7  gm.  of  sodium  acetate  in  a  porcelain 

capsule,  and  boil  after  adding  20  drops  of 
the  suspected  urine.  Remove  the  capsule 
to  the  table  and  add  20  to  30  drops  of  a  solu- 
tion of  caustic  soda  (10  per  cent.).  In  the 
presence  of  sugar  a  red- violet  color  appears 
within  one  minute. 

Quantitative  Estimation  of  Sugar.— 
Methods  to  be  employed  for  the  quantita- 
tive estimation  of  sugar  are  of  necessity 
based  upon  the  principles  set  forth  in  the 
qualitative  tests  previously  outlined. 

Fermentation    Test. — This    test,    while 

sufficiently  reliable  to  justify  its  use,  is  not 

practical  for  general  laboratory  work  and  is 

not,  therefore,  employed  to  the  exclusion  of 

Fchling's  test.     Neither  can  it  be  said  to  be  absolutely  reliable, 

though  possibly  it  is  slightly  more  so  than  is  Fehling's  reaction. 

Take  a  quantity  of  the  suspected  urine,  and  render  it  acid  by 
the  addition  of  tartaric  acid,  after  which  it  should  be  boiled  for 
several  minutes.  When  the  urine  is  rich  in  glucose  it  is  necessary 
to  dilute  it  from  four  to  ten  or  more  times.  The  veast  to  be 
employed  must  be  fresh,  and  should  have  been  tested  in  order  to 
be  certain  that  it  possesses  life.  Rub  up  a  portion  of  a  cake  of 
yeast  (a  piece  about  one-eighth  inch  square),  mix  it  with  the 
urine  so  as  to  form  an  emulsion  free  from  lumps,  and  place  the 
mixture  in  an  Einhorn  saccharimeter  (Fig.  89). 

Direction. — Pour  the  urine  from  the  beaker  into  the  sacchar- 
imeter until  the  expanded  portion  is  nearly  filled  ;  then  place  the 
thumb  over  the  mouth  of  the  apparatus  and  incline  the  tube  so 
as  to  cause  the  urine-yeast  mixture  to  fill  the  graduated  portion 
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completely,  after  which  there  will  still  remain  some  of  the  mixture 
in  the  expanded  portion  of  the  saccharimcter;  and  now  add 
sufficient  of  the  urine  to  fill  the  bulbous  portion  of  the  instrument. 
The  saccharimcter  and  its  contents  should  be  set  aside  at  a  tem- 
perature of  25°  to  35°  C.  (77®  to  95°  F.).  As  a  guard  against  the 
escape  of  gas,  a  small  amount  of  mercury  may  be  poured  into  the 
bent  limb  of  the  saccharimcter.  Should  sugar  be  present,  fer- 
mentation will  occur  within  the  course  of  twelve  hours,  the  carbon 
dioxid  formed  collecting  at  the  top  of  the  tube,  which  as  a  conse- 
quence gradually  displaces  the  urine  as  the  gas  accumulates.  The 
percentage  of  sugar  present  is  read  from  the  graduation  indicated 
on  the  perpendicular  limb,  of  the  saccharimcter  and  this  is  to  be 
multiplied  by  the  degree  of  dilution. 

Corroborative  Test. — Introduce  a  small  piece  of  caustic  soda 
into  the  urine  of  the  tube  after  the  carbon  dioxid  is  collected  at 
its  upper  portion,  and  it  will  be  seen  that,  owing  to  the  absorption 
of  gas,  the  liquid  again  rises  toward  the  top  of  the  tube. 

Caution, — Yeast  in  itself  may  occasionally  give  rise  to  the 
formation  of  a  small  volume  of  gas,  even  in  the  absence  of  sugar, 
and  it  is  therefore  well  to  conduct  control  tests  with  normal  urines. 
Among  the  other  carbohydrates  capable  of  fermentation  should 
be  mentioned  lactose,  levulose,  and  maltose,  but  should  the  tests 
with  a  copper  solution  prove  positive,  it  is  highly  probable  that 
glucose  is  present.  None  of  the  tests  for  sugar  previously  de- 
scribed is  capable  of  demonstrating  the  minute  traces  present  in 
normal  urine,  and  the  reader  is  referred  for  this  purpose  to  special 
works  upon  physiologic  chemistry. 

Fehling's  Method. — Fehling's  solution  (see  Formula,  page 
227)  is  of  such  strength  that  the  copper  suspended  in  10  c.c.  will 
be  completely  reduced  by  0.05  gm.  of  glucose.  Urine  containing 
sugar  should  be  carefully  added  to  this  quantity  of  the  solution 
until  the  copper  is  completely  reduced,  when  the  amount  of  sugar 
contained  in  the  specimen  of  urine  may  be  readily  calculated. 
The  desired  results  are  most  likely  to  be  obtained  when  from 
5  to  10  c.c.  of  urine  are  used  in  the  titration,  so  that  it  is  neces- 
sary to  dilute  the  urine  to  the  proper  degree  in  the  determination 
of  this  point,  the  specific  gravity  serving  as  a  reliable  guide  (dilute 
five  times,  urines  of  specific  gravity  of  1.030),  and  to  be  more  certain 
that  the  degree  of  dilution  is  sufficient  treat  5  c.c.  of  Fehling's  solu- 
tion with  I  c.c.  of  diluted  urine,  a  few  drops  of  caustic-soda  solution, 
and  enough  water  to  make  25  c.c.  Boil  the  mixture  thoroughly, 
and  if  the  liquid  still  remains  blue  in  color  another  cubic  centi- 
meter of  dilute  urine  may  be  added  and  this  procedure  repeated 
imtil  the  two  tests  differ  by  i  c.c.  of  urine — the  last  cubic  centi- 
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meter  that  has  been  added  causing  the  cuprous  oxid  to  be  sepa- 
rated. This  precipitate,  however,  merely  determines  the  ap- 
proximate percentage  of  sugar  present,  and  is  unreliable  unless 
all  albumin  has  been  previously  removed  from  the  urine. 

Testing  Fehling's  SoltUion. — Dissolve  0.2375  gm.  of  crystallized 
cane-sugar,  which  has  been  dried  at  100°  C.  (212®  F.),  in  40  c.c. 
of  distilled  water,  and  22  drops  of  a  one- tenth  per  cent,  solution 
of  sulphuric  acid.  Place  the  mixture  on  a  water-bath  and  keep 
at  boiling  temperature  for  one  hour  ;  then  cool  and  dilute  to  100 
c.c.  with  distilled  water.  Every  20  c.c.  of  this  solution  contains 
0.05  gm.  of  glucose,  which  will  reduce  the  copper  in  10  c.c.  of 
Fchling*s  solution  should  it  be  of  the  required  strength.  In  case 
the  solution  be  too  strong,  21  c.c.  or  more  of  the  sugar  solution 
may  be  required  completely  to  reduce  the  copper,  in  which  case 
the  strength  of  the  Fehling's  solution  is  determined  according 
to  the  following  equation: 

20  :  0.05  ::  21  '.x^  making  x  ■-  0.0525. 

Titration. — Place  10  c.c.  of  Fehling's  solution  in  a  beaker  and 
to  it  add  40  c.c.  of  water.  Transfer  to  a  porcelain  dish  or  a  flask  and 
boil.  While  this  mixture  is  boiling,  add  the  dilute  urine  from  a  buret 
0.5  c.c.  at  a  time  (Fig.  90),  shaking  after  each  addition,  and  it  will  be 
seen  that  the  precipitated  cuprous  oxid  will  quickly  settle  at  the  bot- 
tom of  the  dish,  forming  a  white  precipitate,  while  simultaneously 
with  this  change  the  blue  color  of  the  reagent  becomes  less  and 
less  intense  as  the  urine  is  added  until  finally  the  solution  is  nearly 
colorless.  The  urine  should  now  be  added  drop  by  drop  until 
decolorization  is  complete.  Multiply  the  degree  of  dilution  by 
five,  and  divide  this  result  bv  the  number  of  cubic  centimeters  of 
diluted  urine  employed.  The  quotient  will  indicate  the  percent- 
age-amount of  sugar. 

In  case  of  ordinar\^  diabetic  urine  dilute  i  in  20  (5  c.c.  of  urine 
to  95  c.c.  of  water),  and  place  a  quantity  of  it  in  a  buret.  Place 
10  c.c.  of  Fehling's  solution  in  a  flask  of  100  c.c.  capacity,  add  a 
few  drops  of  caustic-soda  solution,  40  c.c.  of  water,  and  boil. 
Add  the  urine  from  the  buret  to  the  boiling  fluid  until  the  liquid 
above  the  precipitate  is  decolorized,  thus  obtaining  the  approxi- 
mate amount  of  urine  required.  Repeat  the  process  in  several 
flasks,  adding  the  urine  at  once  in  each  case  until  within  one-tenth 
of  a  cubic  centimeter  of  the  amount  of  urine  required  to  decompose 
the  10  c.c.  of  Fehling's  solution  has  been  found. 

Compulation, — Since  10  c.c.  of  Fehling's  solution  equal  0.05 
gm.  of  glucose,  let  us  suppose  10  c.c.  of  dilute  urine  were  required 
and  5000  c.c.  the  pnxluct  of  twenty-four  hours'  secretion.     The 
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sugar  contained  in  the  twenty-four  hours'  urine  is  therefore 
^^^  °"°^  =  25  gm.;  but  since  a  dilution  of  i  in  20  was  em- 
ployed in  the  twenty-four  hours'  urine,  it  equals  20  X  25  gm.,  or 
500  gm. 

Difficulties. — It  is  not  at  all  times  easy  to  determine  the  exact 
point  at  which  all  the  copper 
has  been  reduced  (as  indicated 
by  an  entire  disappearance  of 
the  blue  color);  but  when  it 
seems  likely  that  this  point  has 
been  reached,  it  is  well  to  filter 
I  c,c.  or  more  of  the  fluid 
through  Swedish  filter-paper, 
acidify  the  filtrate  with  acetic 
acid,  and  treat  with  a  few 
drops  of  potassium  fcrro- 
cyanid.  In  the  event  of  any 
copper  being  present  in  this 
solution  a  brown  color  will  be 
formed,  which  indicates  that 
the  urine  added  is  not  suffi- 
cient; if,  however,  no  brown- 
ing of  the  liquid  results,  it  is 
probable  that  the  desired  point 
has  been  reached  and  possibly 
passed.  In  either  case  repeat 
the  titration  for  accuracy. 
Again  in  certain  instances  the 
precipitate  will  not  collect  at 
the  bottom  of  the  liquid  and 
will  even  pass  through  the  fil- 
ter, thus  rendering  it  impos- 
sible to  detennine  the  point  of 
end-reaction  (accumulation  of 
reddish  precipitate). 

Cause  suggested  the  follow- 
ing method  in  such  instances: 
Dilute  10  c.c.  of  Fehling's  solution  with  20  c.c.  of  distilled  water 
and  treat  the  mixture  with  4  c.c.  of  a  one-twentieth  of  one  per  cent. 
solution  of  potassium  ferToc)'anid,  Boil,  adding  the  dilute  urine 
drop  by  drop  from  a  buret  until  the  solution  is  decolorized.  No 
precipitate  forms  in  this  method, 

Uarshall  and  Ryan's  Method. — Fehling's  solution  on  a  basis 


Fig.  90.— Apparalus  '"' 'hi  quan 
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of  the  preparation  of  looo  c.c.  is  made  as  follows:  well-crystal- 
lized, non-effloresced,  chemically  pure  cupric  sulphate  is  pulverized 
and  immediately  spread  on  and  pressed  between  sheets  of  bibulous 
paper  to  remove  any  moisture  which  may  have  been  held  mechanic- 
aUy  by  the  crystals.  Take  34.667  gm.  of  the  pulverized  dried 
material,  quickly  weigh,  and  dissolve  in  400  c.c.  of  distilled  water 
at  ordinary  temperature,  and  when  complete  solution  has  occurred, 
the  liquid  is  diluted  to  500  c.c.  Agitate  so  that  the  solution  shall 
become  homogeneous  in  its  contents  of  cupric  sulphate.  Place 
in  a  rubber-stoppered  bottle. 

Approximately  173  gm.  of  pulverized  sodium  and  potassium 
(RocheUe  salts)  are  dissolved  in  480  c.c.  of  sodium-hydroxid 
solution  of  1. 140  specific  gravity.  After  complete  solution  dilute 
with  water  to  500  c.c.     Keep  like  the  former  solution. 

When  equal  volumes  of  the  cupric-sulphate  solution  and  of  the 
RochcUe-salt  solution  are  mixed,  Fehling's  solution  is  produced 
and  I  c.c.  of  it  will  correspond  to  0.005  8"^*  ^^  glucose. 

Dilute  I  c.c.  of  Fehling's  solution  with  four  volumes  of  water 
and  heat  to  the  boiUng-point  to  ascertain  whether  decomj)osition 
of  the  solution  has  occurred.  To  the  solution  in  the  test-tube 
the  urine  is  now  added  drop  by  drop  from  a  pipet  (noting  the 
number  of  drops  used),  and  after  the  addition  of  each  drop  of 
urine  the  liquid  is  heated  to  about  the  boiling  temperature.  Con- 
tinue adding  urine  until  the  blue  color  of  the  liquid  has  disappeared. 
As  two  drops  of  urine  are  approximately  equal  to  one-tenth  c.c, 
therefore  the  number  of  drops  of  urine  employed  divided  by  two 
will  furnish  a  number  which,  when  expressed  in  tenths,  \\ill 
approximately  correspond  to  the  volume  in  tenths  of  a  cubic 
centimeter  of  the  urine  employed. 

The  following  table  expresses,  in  tenths  of  a  cubic  centimeter, 
the  percentage  of  glucose  present  in  the  urine  as  indicated  by  the 
quantity  of  the  urine  required  exactly  to  decolorize  i  c.c.  of 
Fehling's  solution  diluted  with  4  c.c.  of  water: 

CiMir  Ckntimrtkr  Ci.rcosK      Crnic  Chntimktkr  Glucose 

OK    Ik  INK.  I'KR    CKNT.  OF    l-RINE.  PER    CENT. 

O.I     5.0  0.4 1.25 

0.12 4.2  0.45 l.I 

0.14 ^■s  05 i-o 

0.16 3.1  0.6 0.83 

0.18 2.7  0.7   0.71 

0.2     2.5  0.8 0.62 

0.25 2.0  O.Q 0.55 

0.3     1.66  i.o 0.5 

0-35 1-4 

Instead  of  using  the  table  the  following  rule  may  be  employed: 
**  Divide  the  whole  number  5  by  the  number  of  tenths,  converted 
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into  whole  numbers,  of  urine  employed.  The  result  will  be  the 
approximate  percentage  of  glucose." 

Example. — If  12  drops  of  urine  were  required  for  the  decoloriza- 
tion  of  I  c.c.  of  Fehling's  solution  (two  drops  approximately 
equaling  one-tenth  c.c),  therefore  12  divided  by  2  would 
give  6,  which  expressed  in  tenths  would  represent  the  number 
of  tenths  of  a  cubic  centimeter  corresponding  to  the  drops  of 
urine  employed,  namely,  0.6.  This  expressed  as  a  whole  number 
and  used  as  a  divisor  of  the  number  5  (5  -r-  6)  =  0.83  per  cent. 
of  glucose. 

To  avoid  computation,  note  the  number  of  drops  of  urine 
necessary  to  decolorize  i  c.c.  of  Fehling's  solution,  and  consult 
the  following  table  for  the  approximate  percentage  of  glucose: 


Drops. 


Glucosk 

PER  CENT. 


Drops. 


I 

2 

3 
4 

5 
6 

7 
8 

9 
10 

II 

12 

13 


•5-0 

'33 
.2.5 

.2.0 

.1.66 

.1.4 

.1.25 

.1.1 

.  i.o 

.0.9 

.0.83 

.0.76 


14 

15 
16 

17 
18 

19 
20 

21 

22 

23 
24 
25 


Gl.lTCOSK 

pkr  cknt. 
. .  .0.71 

0.66 

0.62 

...0.58 
...0.55 
...0.52 

...0.5 
...0.47 
...0.45 
...0.43 

0.41 

...0.4 


Differential  Density  Method. — Here,  as  in  all  estimations 
for  sugar,  albumin  must  be  removed  by  heat  and  fihration  and 
the  urine  should  be  sufficiently  diluted  with  distilled  water  to  insure 
that  not  more  than  0.5  to  i  per  cent,  of  sugar  is  present.  The 
urine  must  be  fresh,  as  fermentation  begins  spontaneously  when 
the  urine  is  allowed  to  stand.  This  method  serves  as  a  most 
valuable  one  in  general  work  and  is  preferable  to  many  of  the 
more  uncertain  titration  methods  unless  the  operator  has  had 
considerable  experience  with  such  methods.  Ascertain  the  spe- 
cific gravity  of  the  urine  by  means  of  a  pyknometer  or  hydrom- 
eter, which  should  be  graduated  to  the  fourth  decimal,  and 
provided  with  a  thermometer  graduated  to  indicate  tenths  of  a 
degree.  (Each  hydrometer  is  graduated  to  read  at  a  certain 
temperature.)  Take  the  specific  gravity  at  the  temperature 
for  which  the  hydrometer  has  been  constructed,  heating  or  cooling 
the  urine  as  may  be  found  necessary. 

Place  100  c.c.  of  the  urine  in  a  flask  and  to  it  add  an  emulsion 
of  fresh  live  yeast  which  has  been  washed  free  from  minerals.  The 
flask  should  be  corked  loosely  in  order  to  allow  the  escape  of  gas. 
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and  the  bottle  set  aside  for  from  twenty-four  to  forty-eight  hours, 
when  again  determine  the  specific  gravity,  observing  the  same  pre- 
caution previously  outlined.  Multiply  the  difference  in  the  spe- 
cific gravity  by  230,  which  factor  has  been  found  through  estima- 
tions of  sugar  by  titration,  polarization,  or  by  the  different  density 
methods  of  the  urine  after  fermentation.  This  result  is  indicative 
of  the  percentage  of  sugar  present.  Whenever  it  is  desired  that  this 
process  be  carried  out  within  a  shorter  time,  add  to  each  100  c.c.  of 
urine  2  gm.  of  tartrate  of  potassium  and  sodium,  with  2  gm.  of  dia- 
cid  sodium  phosphate  and  10  gm.  of  compressed  yeast,  keeping  the 
mixture  at  a  temperature  of  from  30°  to  40®  C.  (86®  to  104°  F.), 
when  in  a  few  hours  fermentation  will  be  completed.  To  the 
specific  gravity  obtained  before  fermentation  should  be  added 
0.022  to  make  up  for  the  increase,  owing  to  the  addition  of  the 
salts,  that  will  be  observed  in  the  second  specimen. 

Optical  Saccharimetry. — Grape-sugar  exercises  a  right  rota- 
tory power  over  polarized  light,  and  on  this  account  there  is  a 
method  of  both  qualitative  and  quantitative  estimation  for  sugar 
by  the  polariscope.  If  diabetic  urine  be  light  in  color,  and  clear, 
it  can  be  put  into  the  glass  tube  of  the  instrument  and  a  deter- 
mination immediately  made. 

Caution, — In  filling  this  glass  tube  observe  that  no  air-bubbles 
arc  included  with  the  fluid.  But  should  it  be  dark  and  cloudy 
or  contain  albumin,  it  is  necessary  first  to  clarify  the  urine  and 
remove  the  albumin  and  other  disturbing  substances. 

Clarijying. — Urine  may  be  clarified  by  adding  to  it  a  10  per 
cent,  aqueous  solution  of  sugar  of  lead.  The  lead  acetate  causes 
a  copious  precipitate  which  consists  of  lead  chlorids,  phosphates, 
and  sulphates,  and  in  addition  this  precipitate  carries  down  with 
it  nearly  all  the  coloring-matter  and  albuminous  bodies  present 
in  the  urine.  The  urine  is  now  passed  through  a  dry  filter,  and 
the  filtrate  is  practically  clear  and  ready  for  study.  It  is  neces- 
sary to  consider  the  degree  of  dilution  caused  through  clarifying 
the  urine.  Take  75  c.c.  of  urine  and  to  it  add  25  c.c.  of  the  lead 
solution;    this  dilution  being  observed  in  our  calculation. 

The  Saccharimeter. — Elaborately  constructed  instruments 
for  saccharimetry  have  been  devised  by  a  number  of  investigators, 
among  which  that  of  Ultzmann  will  be  described;  and  with  it 
rapid  and  fairly  satisfactory  results  in  the  quantitative  estimation 
of  sugar  may  be  obtained,  should  the  quantity  exceed  i  per  cent., 
but  where  a  smaller  percentage  of  sugar  is  present,  results  are 
unreliable. 

Artificial  light  is  not  needed,  since  the  instrument  is  fitted  to  a 
microscope   stand    and   the    illumination    accompUshed    by   the 
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mirror.  The  lube,  objective,  and  ocular  of  the  microscope  are 
removed  and  in  their  place  the  saccharimeler  is  inserted  and  held 
in  position  by  a  small  screw.  The  concave  mirror  is  then  adjusted 
and  the  inslnimeni  manipulated  as  the  microscope  (Fig.  91). 
o  is  a  biconcave  and  b  an  objective  lens  of  a  small  Iclescupe,  the 
focal  distance  of  which  extends  to  p;  c,  the  upper  Nicol  prism  with 
which  the  vernier  is  rather  closely  connected;  d,  a  glass  tube  fur 
holding  the  fluid  to  be  examined;  p,  the  upper 
plate  of  the  right  and  left  rotating  quartz;  and  /, 
the  lower  Nicol  prism.  The  arc  or  tixed  scale  is 
so  divided  that  each  division  of  it  indicates  1 
per  cent,  of  grape-sugar  when  at  a  temperature 
of  20°  C.  (68°  F.).  The  vernier  enables  one  to 
estimate  tenths  of  a  degree  of  i  per  cent.,  since 
10°  C.  (50°  F.)  of  the  vernier  correspond  with  9° 
of  the  arc.  To  the  percentage  of  sugar  found 
should  be  added  as  many  tenths  as  there  are 
spaces  counted  on  the  vernier — up  to  that  divi- 
sion which  coincides  with  a  division  of  the  arc. 
Should  the  zero  point  of  the  vernier  not  quite 
reach  (toward  Ihe  right)  the  5-point  of  the  scale, 
it  indicates  that  ihc  percentage  of  sugar  exceeds 
4  and  is  less  than  5  per  cent.  When  it  is  desired 
to  estimate  the  tenths  per  cent,  and  the  sixlh 
division  of  the  vernier  is  the  first  counted  from 
the  zero  point  to  coincide  with  that  division  of 
the  arc,  six  is  the  number  of  tenths  required: 
hence  the  apparatus  indicates  4.6  per  cent,  of 
grape-sugar  present.  The  polarization  of  cane- 
sugar  is  three-fourths  that  of  grape-sugar.  Both 
cane-  and  grape-sugar,  as  well  as  lactose,  possess 
the  power  to  turn  the  polarized  ray  to  the  right^ — 
albumin  and  levulose,  on  the  contrary,  turn  it 
toward  the  left.  vi™ '<.r  iiii>n«H»r. 

In  case  the  glass  lul>c  of  the  saccharimeter  is  mcier" 
empty  or  contains  a  fluid  which  holds  in  solution 
a  substance  having  no  optical  influence,  as  has  normal  urine,  the 
zero  point  of  the  vernier  will  be  found  to  coincide  with  the  zero 
point  of  the  scale,  and  the  halves  of  the  field  of  vision  are  isochro- 
matic.  When  an  optically  active  substance  is  contained  in  the 
fluid  (sugar),  this  normal  isochromalism  of  the  two  halves  is  lost 
and  an  unequal  coloring  takes  its  place,  and  (his  inequality  of 
coloring  depends  upon  the  amount  of  optically  active  substance 
contained  in  the  solution.     Whenever  this  unequal   coloring  is 
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encountered,  move  the  vernier  toward  the  right  or  left,  depend- 
ing upon  the  substances  present  (sugar  or  albumin),  until  the 
color  of  the  two  halves  becomes  the  same,  and  the  percentage  is 
then  read  from  the  graduated  scale. 

Computation. — Suppose  to  75  c.c.  of  highly  colored  sac- 
charine urine  there  have  been  added  25  c.c.  of  lead  solution  for 
clarifying  purposes,  and  the  filtrate  is  found  by  polarimetry  to 
contain  4.8  per  cent,  of  sugar.  It  is  necessary  to  add  to  this 
percentage  1.6  per  cent.,  since  the  lead  solution  added  equaled 
one-third  the  bulk  of  the  urine;  therefore  6.4  per  cent,  equals  the 
total  amount  of  sugar  present. 

LACTOSE. 

Lactose  is  to  be  suspected  where  a  positive  reaction  is  obtained 
with  the  copper  and  bismuth  tests  previously  described,  and 
negative  results  are  obtained  with  the  phenylhydrazin  and  fer- 
mentation tests;  though  it  is  to  be  remembered  that  osazone  is 
to  be  obtained  from  the  pure  substances. 

Clinical  Significance. — Lactose  is  commonly  found  in  the 
urine  of  nursing  women  where  the  flow  of  milk  is  impeded  and  a 
mastitis  exists,  and  it  is  also  encountered  in  nursing  women  with 
normally  well- developed  breasts  and  in  wet-nurses.  The  per- 
centage of  lactose  may  fluctuate  between  0.013  and  0.438  per 
cent. 

PENTOSES. 

Traces  of  pentoses — xylose,  rhamnose,  and  arabinose — ^may  be 
found  in  normal  urine.  Abnormally  large  quantities  were  ob- 
served by  Salkowski  in  a  morphin  drunkard  where  pentosuria 
was  found  to  ahcrnatc  with  glucosuria.  Bial  found  two  sisters 
and  a  brother  to  suffer  from  pentosuria.  Cases  have  been  ob- 
served where  digestive  pentosuria  probably  existed.  Urines  con- 
taining pentoses  in  rather  large  amounts  reduce  Fehling's  solu- 
tion and  form  osazone  when  treated  with  phenylhydrazin;  but 
the  fermentation  test  is  negative.  Rhamnose  and  arabinose  pos- 
sess the  power  of  turning  the  plane  of  polarized  light  to  the  right; 
xylose  remaining  negative  (see  Optical  Saccharimetryy  page  236). 

Bail's  Test. — Mix  one  to  one  and  one-half  gm.  orcin,  500 
gm.  of  fuming  HCl,  and  25  to  30  drops  of  ferric-chlorid  solution. 
Place  3  c.c.  of  the  urine  in  a  test-tube  and  to  it  add  5  c.c.  of  the 
reagent.  Close  the  test-tube  with  a  plug  of  cotton  and  heat  over 
a  flame  until  bubbles  begin  to  form,  when  a  green  pigment  is 
almost  immediately  deposited  in  the  presence  of  pentoses.  When 
a  small  amount  is  present,  the  pigment  does  not  become  per- 
ceptible until  after  fifteen  to  twenty  seconds.     This  reaction  is 
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claimed  to  be  negative  with  normal  and  with  diabetic  urines.  It 
would  appear  questionable  as  to  whether  or  not  this  test  will 
diflFerentiate  glucosuric  compounds  from  pentoses. 

ToUen's  Phloroglucin  Test. — Place  several  cubic  centi- 
meters of  phloroglucin  in  a  test-tube,  add  one-half  to  one  c.c.  of 
the  urine,  and  heat,  when  a  deep- red  color  appears  in  the  presence 
of  pentoses.    This  reaction  is  also  produced  by  glycuronates. 

Clinical  Import. — Maltose,  levulose,  dextrin,  laiose,  inosite, 
and  animal  gum  may  at  times  be  found  in  the  urine,  but  their 
clinical  significance  remains  unsettled.  While  glycuronic  acid 
is  to  be  met  with  in  the  urine,  it  is  of  no  known  clinical  importance. 

BILE  IN  THE  URINE. 

Bile-pigment  and  also  bile  acids  are  to  be  met  with  in  the 
urine  and  usually  occur  together,  in  which  instance  the  pigment 
is  much  more  abimdant  than  are  the  acids.  Obstruction  of  the 
bile-passages  serves  as  a  common  cause  for  the  entrance  of  the 
bile  and  its  contents  into  the  urine.  It  also  remains  a  question 
whether  or  not  traces  of  bile  acids  are  present  in  normal  urine. 
Biliary  urine  while  fresh  contains  bilirubin,  but  after  it  has  stood 
for  a  time  biliverdin  is  formed  as  a  result  of  oxidation.  To 
the  naked  eye,  urine  containing  bile  is  of  a  greenish  or  brownish- 
yellow  hue,  may  at  times  be  viscid,  and  upon  shaking  displays 
a  heavy  jrolh  which  partakes  of  the  color  of  the  urine.  This 
froth  serves  to  distinguish  biliary  urine  from  other  urines  known 
to  display  excessive  froth  when  agitated;  viz.,  albuminous  urine 
(blood,  pus,  vaginal  secretions,  etc.),  diabetic  urine,  urine  rich  in 
urates,  calcium  oxalate,  phosphates,  urine  after  the  ingestion 
of  salol,  and  occasionally  those  containing  large  amounts  of 
other  mineral  products;  but  in  none  of  these  save  urates  does 
the  froth  partake  of  the  color  of  the  urine. 

Tests  for  Bile. — i.  Place  a  few  drops  of  the  urine  in  a  porce- 
lain dish,  and  at  a  point  one-half  to  one  inch  distant  from  it  place 
two  or  three  drops  of  yellow  nitric  acid.  By  means  of  a  glass 
rod  draw  the  urine  across  the  porcelain  surface  to  meet  the  acid, 
when,  upon  their  union,  a  display  of  colors  immediately  develops. 

2.  Place  50  c.c.  of  urine  in  a  beaker  and  to  it  add  5  c.c.  of  a 
10  per  cent,  solution  of  barium  chlorid  and  5  c.c.  of  chloroform. 
Shake  well,  and  allow  to  stand  for  ten  minutes.  The  precipitate 
which  forms  will  be  found  to  consist  of  phosphates,  bile-pigment, 
and  chloroform.  Lift  a  portion  of  this  precipitate  in  a  pipet, 
place  it  on  a  shallow  dish,  and  heat  over  a  water-bath  until  the 
chloroform  has  evaporated,  after  which  cool  and   pour  off  all 
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the  fluid  from  the  precipitate.  The  precipitate  is  now  of  a  yellow- 
ish hue,  and  when  treated  with  a  drop  of  impure  nitric  acid  directly 
upon  the  surface  of  the  dish,  the  bile-pigment  causes  a  display 
of  colors  to  appear  around  the  drop.  This  reaction  reveals  the 
presence  of  0.2  per  cent,  or  more  of  bile. 

3.  lodin  Test. — Place  10  c.c.  of  urine  in  a  test-tube  and 
allow  to  flow  upon  it,  entering  along  the  side  of  the  tube,  a  10  per 
cent,  alcoholic  solution  of  iodin.  At  the  zone  of  contact  of  the 
liquids  an  emerald-green  layer  appears  and  is  due  to  the  presence 
of  bile. 

Test  for  Bile  Acids. — Oliver  has  proposed  a  test  which 
depends  upon  the  power  of  the  bile  acid  to  precipitate  peptone 
when  in  acid  solution. 

Reagent, — 

tt .     Powdered  peptone  §  dram 

Salicylic  acid 4  grains 

Acetic  acid j  grain 

Distilled  water 8  ounces. 

Place  20  minims  of  clear  filtered  urine  in  a  test-tube  and  to  it 
add  60  minims  of  the  reagent.  In  the  presence  of  bile  acids  a 
decided  milkiness  at  once  appears,  and  should  the  acids  be  large 
in  amount,  this  turbidity  is  most  apparent.  Agitation  often  causes 
it  to  disappear,  but  it  readily  reappears  on  the  addition  of  the 
reagent.  This  test  is  exceedingly  delicate  and  thus  far  is  believed 
to  be  one  of  the  most  reliable  for  the  detection  of  bile  acids  in  the 
urine. 

ACETONE. 

Hydroxybutyric  acid,  accto-acetic  acid,  and  acetone  are  all  to 
be  met  with  in  the  urine,  and  the  relationship  existing  between 
these  three  substances  is  explained  by  the  following  formula? : 

Hvdroxvbutvric  acid       =     CHjCH(OH)CH,COOH. 
Accto-acetic  acid  =     CHjCO.CHzCOOH. 

Acetone  =     CHj.CO.CH,. 

Hydroxybutyric  acid  is  the  first  to  be  formed  from  the  destruc- 
tion of  proteids  (probably),  and  after  oxidation  yields  aceto-acetic 
acid,  and  in  turn  accto-acetic  acid  is  readily  decomposed  into 
acetone  and  COj. 

Test  for  Aceto-acetic  Acid.— Fill  a  test-tube  one-third  its 
depth  with  fresh  urine,  and  to  it  add  a  few  drops  of  a  solution  of 
pcrchlorid  of  iron  (diluted  to  a  pale  cherr>'  color)  until  the  pre- 
cipitate of  phosphate  and  iron  ceases  to  fall;  fiher,  and  to  the 
filtrate  add  another  drop  or  more  of  the  iron  solution.     In  the 
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presence  of  aceto-acetic  acid  a  claret  color  develops  which  dis- 
appears upon  boiling.  Salicylates,  carbolic  acid,  antipyrin,  and 
similar  drugs  cause  a  claret  color  with  perchlorid  of  iron,  and  are 
to  be  differentiated  from  that  produced  by  aceto-acetic  acid  by 
the  fact  that  the  color  induced  by  these  drugs  does  not  disappear 
on  boiling. 

Tests  for  Acetone. — I.  (a)  Acetone  urine  emits  a  fruit- 
like odor. 

(6)  Reduces  Fehling's  solution,  and  the  test  which  serves  most 
readily  to  identify  this  substance  is  to  convert  it  into  iodoform. 

II.  Place  about  one  inch  of  urine  in  a  test-tube  and  to  it  add 
five  drops  of  a  10  per  cent,  solution  of  caustic  soda  or  potash; 
heat  gradually  and  add,  drop  by  drop,  a  saturated  solution  of 
iodin  in  potassium  iodid  until  the  liquid  assumes  a  yellowish-brown 
color.  Again,  add  a  few  drops  of  caustic-soda  solution.  A 
yellow  turbidity  ensues  which  soon  collects  at  the  bottom  in  the 
form  of  a  crystalline  precipitate  emits  the  odor  of  iodoform. 
Microscopically  this  precipitate  consists  of  hexagonal  plates  which 
are  at  times  in  rather  dense  aggregations  and  in  the  form  of  stars. 

In  case  there  is  but  a  trace  of  acetone  present  it  will  be  found 
necessary  to  distil  the  urine  after  the  addition  of  phosphoric 
acid,  and  then  test  the  distillate  as  above  described. 

Clinical  Significance. — ^Acetone  under  normal  conditions 
may  appear  as  a  mere  trace  in  the  urine,  at  which  time  the  amount 
excreted  during  the  twenty-four  hours  may  vary  from  0.008  to 
0.025  S^' 

Diet. — The  quantity  of  acetone  excreted  is  influenced  by 
the  character  of  food  ingested;  e.  g.,  the  withdrawal  of  carbo- 
hydrates causes  a  decided  increase  which  reaches  its  maximum 
point  in  from  five  to  eight  days,  at  which  time  100  to  even  700  mgm. 
may  be  excreted  daily.  Such  examples  of  acetonuria  disappear 
where  carbohydrates  are  given  with  the  food.  Acetonuria  is  most 
decided  when  the  diet  has  contained  the  minimum  amount  of  albu- 
min and  no  carbohydrates.     It  is  also  marked  during  starvation. 

Acetonuria  is  a  feature  of  diabetes,  wasting  diseases,  and  of 
both  acute  and  prolonged  febrile  conditions. 

Diabetes. — ^The  appearance  of  acetone  in  the  urine  of  dia- 
betics is  of  great  clinical  significance,  and  when  acetone  and  sugar 
are  both  present,  the  amount  of  the  former  is  in  rather  direct 
correlation  with  the  severity  of  the  disease.  With  a  gradual  daily 
increase  in  the  amount  of  acetone  a  fatal  issue  is  to  be  expected 
at  an  early  date.  As  previously  stated,  the  addition  of  carbo- 
hydrates to  the  food  may  lessen  greatly  the  daily  excretion  of 

acetone,  and  it  is  questionable  whether  or  not  the  approach  of 
16 
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diabetic  coma  may  be  delayed  through  the  administration  of 
carbohydrates. 

Fevers. — Here  should  be  mentioned  pneumonia,  typhoid 
fever,  acute  articular  rheumatism,  miliary  tuberculosis,  septicemia, 
scarlet  fever,  measles,  tonsillitis;  as  well  as  phthisis  with  cavity 
formation  and  other  intermittent  fevers. 

Caution. — In  continued  fevers  the  large  amount  of  acetone 
excreted  through  the  urine  is  dependent  in  part,  at  least,  upon 
the  fact  that  such  patients  are  not  fed  liberally  upon  carbohy- 
drates and  albumins. 

Nervous  Diseases. — Acetonuria  is  also  observed  in  such 
nervous  conditions  as  melancholia,  general  paresis  of  the  insane, 
major  epilepsy,  locomotor  ataxia;  and  where  malnutrition  is  in 
evidence. 

Gastric  Carcinoma. — An  exception  to  general  loss  of  Hesh 
as  an  accompanying  feature  of  acetonuria  is  the  fact  that  ace- 
tonuria is  likely  to  obtain  early  during  the  course  of  gastric  car- 
cinoma, and  even  before  emaciation  is  apparent. 

Chloroform. — Chloroform  anesthesia  is  often  followed  by 
acetonuria. 

It  is  generally  conceded  that  acetonuria  may  result  from  certain 
gastrointestinal  derangements  {enterogenic  acelonuria);  and  it 
is  probable  through  this  manner  that  asthma  is  associated  with 
acetonuria.  Acetonuria  further  suggests  that  there  is  a  general 
breaking  down  of  the  circulating  albumins. 

OXYBUTYRIC  AQD. 

Detection. — Oxybutyric  acid  is  detected,  or  at  least  sus- 
pected to  be  present,  in  diabetic  urine  when  the  urine,  after  sub- 
jection to  fermentation,  rotates  the  plane  of  polarized  light  to 
the  left  (see  Optical  Saccharimetry,  page  236). 

Caution. — Albumin  also  exercises  a  rotatory  power  and  must 
needs  be  removed  by  boiling  and  filtration.  Decolorize  highly 
colored  urines. 

Clinical  Significance. — The  presence  of  oxybutyric  acid  in  the 
urine  is  of  special  clinical  moment  in  connection  with  diabetes  mel- 
litus,  occurring  only  in  severe  forms  of  this  disease.  The  quantity 
of  oxybutyric  acid  present  is  usually  in  direct  relation  to 
the  amount  of  sugar  excreted.  Oxybutyric  acid  is  omnipresent  in 
the  urine  of  diabetic  coma,  and  is  believed  to  contribute  toward 
the  auto-intoxication  now  conceded  to  be  responsible  for  such  coma. 
Stadelmann  has  suggested  that  the  acid  exercises  a  toxic  effect 
by  absorbing  alkali  from  the  blood. 
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Oxybutyric  acid  has  been  found  in  the  urine  during  the  course 
of  acute  exanthematous  conditions  and  in  scurvy.  It  may  also 
be  found  during  insanity.  The  relation  existing  between  the 
excretion  of  oxybutyric  acid  and  of  ammonia  is  of  valuable  clinical 
importance  (see  Ammonia,  page  246)^ 

DIACETIC  ACID. 

Diacetic  acid  is  not  a  constituent  of  normal  urine,  and  when 
found  present  in  this  secretion  is  of  practical  clinical  importance. 
There  is,  as  a  rule,  a  co-appearance  of  oxybutyric  acid,  acetone, 
and  diacetic  acid  in  the  same  urine.  Diacetic  acid  is  a  product 
of  the  further  oxidation  of  oxybutyric  acid  (Vierordt),  and  eventu- 
ally diacetic  acid  is  decomposed  into  acetone  and  carbonic  acid. 

Gerhardt's  Test. — i.  Diacetic  acid  is  detected  in  the  urine 
by  treating  10  c.c.  of  the  suspected  specimen  with  a  solution  of 
perchlorid  of  iron,  which  should  be  added  drop  by  drop.  The 
addition  of  the  iron  solution  may  cause  a  precipitate  of  phosphates, 
which  sediment  is  removed  by  filtration.  Treat  the  filtrate 
further  with  the  iron  solution,  and  should  diacetic  acid  be  present, 
a  Burgundy-red  color  develops,  which  may  deepen  to  a  dark- 
brown. 

2.  Boil  a  second  quantity  of  the  urine  and  treat  as  in  the  case 
of  No.  I.  In  the  event  of  no  reaction  taking  place,  proceed  as 
follows : 

3.  Place  10  c.c.  of  the  urine  in  a  test-tube;  add  a  small  quan- 
tity of  sulphuric  acid,  and  extract  with  ether.  Treat  this  ethereal 
extract  with  the  perchlorid  of  iron  solution  as  outlined  above, 
when  the  red  color  will  develop.  Upon  standing  for  twenty-four 
hours  the  red  color  will  be  seen  to  fade,  and  eventually  to  disappear, 
should  such  color  be  due  to  the  presence  of  diacetic  acid,  "if 
acetone  is  present  at  the  same  time"  (von  Jaksch). 

Arnold's  Test. — Reagents. — (a)  A  solution  of  paramido-aceto- 
phenone:  dissolve  one  gm.  of  paramido-acctophenone  in  100  c.c. 
of  distilled  water.  Add  to  the  solution  hydrochloric  acid,  one 
drop  at  .a  time,  until  the  yellow  color  disappears,  care  being 
taken  that  no  more  hydrochloric  acid  be  added  than  is  absolutely 
necessary  to  cause  a  colorless  solution,  (b)  A  solution  of  sodium 
nitrite  (i  per  cent.). 

Method, — I.  At  the  time  of  use  place  6  c.c.  of  solution  (a) 
in  a  test-tube,  and  to  it  add  3  c.c.  of  solution  (b). 

2.  Add  an  equal  volume  of  filtered  urine  (filter  highly  colored 
urine  through  animal  charcoal),  and  follow  with  a  few  drops  of 
ammonia. 
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3.  With  this  solution,  normal  urine  will  be  found  to  show  a 
variable  degree  of  color,  which  becomes  brown  or  brownish  red 
after  the  mixture  is  thoroughly  shaken.  In  the  presence  of 
diacetic  acid  a  reddish-brown  amorphous  precipitate  collects  at 
the  bottom  of  the  fluid  after  the  tube  has  l?een  allowed  to  stand 
for  a  short  time. 

4.  Place  I  c.c.  of  the  supernatant  colored  liquid  in  a  dish,  and 
to  it  add  10  c.c.  of  concentrated  hydrochloric  acid.  Diacetic  acid 
when  present  in  appreciable  amount  causes  a  purplish- violet  color. 

It  is  claimed  for  Arnold's  test  that  it  does  not  react  with  acetone, 
oxybutyric  acid,  bilirubin,  and  after  the  administration  of  anti- 
pyretics, salicylic  acid,  etc. 

Clinical  Significance. — Diacetic  acid  may  be  found  in  the 
urine  in  diabetes  mellitus,  where  it  may  exist  for  a  long  period 
of  time  without  coma,  and  during  the  course  of  the  acute  fevers, 
including  typhoid,  scarlet  fever,  pneumonia,  articular  rheu- 
matism, tonsillitis,  etc.  Diaceturia  may  also  occur  during  febrile 
conditions  of  an  intermittent  type.  Again,  diacetic  acid  is  a  not 
infrequent  constituent  of  the  urine  of  fevers  in  children,  and  is 
to  be  found  in  the  urine  during  the  course  of  gastro-intestinal 
derangements. 

Diacetic  acid  is  commonly  present  in  conjunction  with  acetone, 
and  is  always  of  serious  moment  when  found  in  the  urine  of 
adults.  "If  diaceturia  is  present,  oxybutyric  acid  is  also  present 
in  the  urine"  (Vierordt).  Von  Jaksch  has  suggested  that  the  con- 
vulsions occurring  during  acute  febrile  diseases  in  children  are 
accompanied  by  diaceturia. 

LACTIC  ACID. 

Lactic  acid  (or  sarcolactic,  as  it  sometimes  occurs)  is  not  a 
constituent  of  normal  urine,  but  it  may  rarely  be  observed  during 
disease. 

Reagents. — (a)  Alcohol  95  per  cent. 

(b)  A  dilute  solution  of  sulphuric  acid. 

(c)  Sulphuric  ether. 

(d)  A  I  per  cent,  solution  of  basic  acetate  of  lead. 
(r)  Zinc  carbonate. 

Method. — I.  Place  a  few  cubic  centimeters  of  the  suspected 
urine  in  a  dish,  and  evaporate  over  a  water-bath  to  a  syrupy  con- 
sistence;  then  extract  with  95  per  cent,  alcohol. 

2.  At  the  end  of  twenty- four  hours  remove  the  supernatant 
alcohol,  and  again  evaporate  the  mixture  to  a  consistence  of  syrup; 
after  which  acidulate  with  a  weak  solution  of  sulphuric  acid. 
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3.  The  mixture  is  now  extracted  with  ether,  continuing  the 
process  as  long  as  the  mixture  displays  an  acid  reaction. 

4*  Remove  the  ether  by  distillation,  and  dissolve  the  residue 
in  a  small  quantity  of  water. 

5.  Place  the  watery  mixture  in  a  test-tube,  and  to  it  add,  drop 
by  drop,  a  small  quantity  of  the  lead  solution.  The  mixture  is 
now  filtered,  and  the  lead  that  is  yet  remaining  removed  with 
sulphureted  hydrogen. 

6.  Place  the  filtrate  in  a  dish,  and  evaporate  to  dryness  over 
a  water-bath,  the  faintly  yellowish,  sticky  residue  being  lactic 
add. 

7.  Dissolve  the  residue  in  a  small  quantity  of  water,  and  heat 
the  mixture  with  zinc  carbonate  until  it  is  saturated,  when  upon 
evaporation  zinc  lactate  will  be  found  to  separate  in  the  form  of 
small  crystalline  prisms. 

Clinical  Sig^nificance. — Sarcolactic  acid  is  a  constituent  of 
the  urine  in  certain  hepatic  maladies. 

CHOLESTERIN. 

Crystals  of  cholesterin  (Fig.  92)  are  rarely  met  with  in  urinary 
sediments.     Von  Jaksch  detected  cholesterin  in  tabes  dorsalis  and 


Fig.  92.— Cholesterin  cry'stals  (Ogden). 


in  cystitis;  Simon  found  it  in  acute  nephritis,  and  I  have  en- 
countered it  upon  three  occasions — two  of  the  urines  were  re- 
covered from  cases  of  chronic  cystitis,  and  in  the  third  an  echino- 
coccic  cyst  had  ruptured  into  the  urinary  tract.  The  fresh  urine 
containing  cholesterin  displays  an  acid  reaction,  is  usually  turbid, 
and  when  shaken  vigorously,  numerous  white,  flaky  scales  are 
to  be  seen  throughout  the  liquid.  Cholesterin  is  commonly 
found  in  the  fluid  recovered  from  cysts  and  in  feces  (see  Tests 
for,  page  370). 
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AMMONIA  IN  THE  URINE. 

Ammonia  is  a  constituent  of  normal  urine,  from  0.05  to 
0.08  gm.  being  excreted  daily.  The  quantity  of  ammonia  will 
be  found  greatly  increased  when  the  urine  contains  oxybutyric 
acid,  such  increase  bearing  a  direct  relation  to  the  amount  of  oxy- 
butyric acid  present.  During  the  course  of  diabetes  mellitus  it  is 
common  to  find  from  2  to  6  gm.  of  ammonia  excreted  during 
the  twenty-four  hours,  and  such  patients  are  in  imminent 
danger  of  developing  diabetic  coma.  At  this  time  the  urine  is 
usually  rich  in  acetone,  oxybutyric  acid,  and  diacetic  acid.  (See 
Ureay  page  192.) 

CYSTIN. 

Cystin  is  occasionally  found  to  form  one  of  the  deposits  of 
acid  urine,  and  its  recognition  depends  upon  the  microscopic 
characteristics  of  its  crystals.  Cystin  precipitates  disappear  from 
alkaline  urines  since  they  are  soluble  in  alkalis,  but  such 
urines  are  likely  to  putrefy  and  give  off  an  odor  of  sulphureted 
hydrogen. 

Tests. — Place  10  c.c.  of  urine  in  a  test-tube  and  to  it  add  i 
c.c.  of  a  30  per  cent,  solution  of  caustic  potash.  Boil,  and  while 
boiling  add,  drop  by  drop,  a  solution  of  acetate  of  lead  (2  to  10 
per  cent.).     A  black  precipitate  of  lead  sulphid  develops. 

Clinical  Significance. — Cystin  is  far  more  common  in  the 
urine  of  males  than  in  that  of  females,  and  it  is  rarely  to  be  met 
with  in  the  aged.  Several  cases  have  been  reported  as  occurring  in 
members  of  the  same  family.  Cystinuria  may  be  persistent  or  inter- 
mittent. It  occurs  in  the  urine  where  there  exists  a  cystin  cal- 
culus. 

PYURIA. 

Urines  containing  pus  usually  display  a  rather  heavy  whitish 
or  creamy  precipitate  which  forms  as  a  solid  sheet  at  the  bottom 
of  the  liquid,  and  when  the  bottle  is  shaken,  the  sediment  becomes 
ropy  or  shrcd-like.  Pus  may  occur  in  the  urine  in  conjunction 
with  blood  or  with  hemoglobin,  in  which  case  the  naked-eye 
appearance  of  the  precipitate  (dark)  is  somewhat  misleading. 
Urines  containing  pus  are  likely  to  be  rich  in  albumin,  and  a  point 
of  special  interest  is  to  determine  w^hether  or  not  all  the  albumin 
present  results  from  the  pus,  or  whether  true  renal  albuminuria 
exists.  Reinecke  suggested  the  collecting  of  the  twenty-four 
hours'  urine,  shaking  it  thoroughly  and  then  estimating  the  number 
of  pus-cells  by  the  hemocytometer.     He  believes  that  ioo,ocx>  pus- 
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cells  per  c.mm.  should  correspond  to  i  per  cent,  of  albumin,  as  shown 
by  Elsbach's  albuminometer.  Taking  into  consideration  the  many 
factors  that  may  interfere  seriously  with  the  dilution  of  the  urine 
and  consequently  render  our  count  valueless,  this  procedure  seems 
hardly  worthy  of  recommendation.  It  is  probably  far  better 
to  endeavor  to  eliminate  albumin  originating  along  the  urinary 
tract  by  filtration,  since  renal  albumin  is  thus  separated  from  the 
urine  with  great  difficulty. 

Tests  for  Pus. — Urines  which  contain  pus  develop  a  green 
color  on  the  addition  of  a  solution  of  guaiac,  which  disappears  when 
the  mixture  is  heated.  Add  liquor  potassium  to  the  deposit  of  pus 
and  the  sediment  becomes  ropy  and  later  forms  into  a  gelatinous 
mass.  The  best  evidence  of  pus  in  the  urine  is  the  detection  of 
pus- corpuscles  (cells)  by  the  microscope. 

Clinical  Significance. — ^The  urine  may  contain  pus  whenever 
there  is  a  suppurative  process  either  involving  any  portion  of  the 
genito-urinary  tract,  or  where  pus  may  escape  into  the  tract 
through  a  fistulous  opening.  Pus  may  also  have  its  origin  in  the 
vagina  or  cervix,  and  true  pyuria  should  be  distinguished 
from  this  condition,  which  simulates  pyuria  of  urinary  ori- 
gin closely,  by  catheterization  of  the  patient. 

ALKAPTONURIA. 

Alkaptonuria  is  a  condition  wherein  the  urine  presents  the 
natural  color  when  voided,  but  after  exposure  to  the  air  and  light, 
it  becomes  gradually  dark  on  the  surface,  which  darkening  ex- 
tends toward  the  bottom  of  the  liquid  and  eventually  becomes  a 
reddish  brown,  dark  brown,  or  black.  This  color  is  dependent 
upon  the  presence  in  such  urines  of  dihydroxyphenylacetic  acid. 
Melanin  and  also  phenol  or  its  derivatives,  when  present  in  the 
urine,  cause  it  to  become  dark  after  exposure. 

When  alkapton  is  treated  with  a  small  amount  of  alkali,  the 
color  appears  much  earlier,  and  in  fact  almost  immediately; 
and  upon  application  of  heat  Fehling's  solution  is  reduced  by  such 
urines.  It  is  to  be  distinguished  from  glucosuria,  however,  by  the 
fact  that  negative  results  are  obtained  with  the  bismuth  test  (page 
229).  With  an  ammoniacal  silver  solution  reduction  occurs 
without  heat;  and  a  bluish-green  color  develops  (temporarily) 
when  the  urine  is  treated  with  a  ferric  sah.  The  fermentation 
test,  phenylhydrazin  test,  and  polarimetry  are  also  negative. 

Garrod's  Test. — Heat  lOO  c.c.  of  the  fresh  urine  to  near  the 
boiling-point  and  add  5  or  6  gm.  of  sohd  neutral  lead  acetate. 
Upon  dissolution  of  the  lead  a  bulky  grayish  precipitate  forms. 
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which  is  removed  by  filtration.  The  filtrate  (pale  yellow)  should 
be  set  in  a  cool  room  for  twenty-four  hours.  Should  the  urine 
be  rich  in  homogentisinic  acid,  minute,  acicular,  almost  colorless 
crystals  begin  to  form  after  several  hours,  and  in  case  the  flask 
containing  the  urine  be  set  upon  ice,  crystallization  is  hastened. 
These  crystals  are  grouped  to  form  rosets  and  stars  and  are 
rather  deeply  colored.  Should  crystallization  be  tardy,  again 
heat  the  urine  and  add  more  of  the  lead  acetate.  The  crystalline 
product  thus  obtained  is  lead  homogentisinate,  and  is  soluble  in 
hot  water,  but  upon  its  solution  the  liquid  becomes  a  deep  bro^n 
when  an  alkali  has  been-  added.  It  reduces  Fehling's  solution 
and  causes  a  deep-blue  color  with  a  dilute  solution  of  ferric  chlorid. 
Clinical  Significance. — ^Alkapton  may  appear  spontaneously 
in  the  urine  of  apparently  healthy  individuals.  Garrod*  states 
that  the  condition  is  to  be  met  with  in  several  members  of  a  family, 
and  cites  cases  demonstrating  this  point.  It  affects  brothers  and 
sisters  abke,  but  has  not  been  shown  to  be  transmissible  from 
one  generation  to  another.'  Intermarriage  exercises  some  influence 
favoring  the  development  of  this  condition,  and  older  members  of 
the  family  are  less  liable  than  are  the  younger  ones.  Pavy  has 
observed  a  family  in  which  the  parents  were  first  cousins,  where 
four  of  fourteen  children  were  alkaptonuric.  Mittlebach  f  reports 
an  interesting  case  in  conjunction  with  a  chemic  analysis  of  the 
substance.  The  amount  of  homogentisinic  acid  eliminated  in 
twenty-four  hours  is  variable  and  may  reach  4.6  gm.  An  in- 
creased excretion  follows  the  excessive  ingestion  of  meats. 

\ 
UREIN. 

Moor,J  of  Rome,  Italy,  claims  to  have  discovered  a  substance 
in  the  urine  which  is  probably  one  of  the  most  valuable  contri- 
butions to  recent  urinology  should  it  stand  the  test  of  criticism. 
Urein  is  described  as  being  an  oily  liquid,  of  heavy  specific  gravity, 
and  of  a  pale  yellow  color,  resembling  olive  oil.  Weatherson  § 
has  contributed  a  valuable  monograph  upon  the  chemistry  of 
this  substance.  In  50  c.c.  of  urine  nearly  two  ounces  of  liquid 
urcin  arc  claimed  to  exist,  though  the  latter  observer  was  unable  to 
recover  this  quantity  from  the  twenty-four  hours'  product.  Urein 
remains  intact  and  constant  at  a  temperature  below  75°  to  80° 
C.  (167^  to  176^  F.),  yet  further  thorough  and  careful  investiga- 
tion needs  to  l>e  made  by  other  observers. 

*  "  Lancet,"  Nov.  ,^o,  looi.        t  "Dcut.  Archiv  f.  klin.  Med.,"  vol.  Ixxi,  pt.  L 
X  "  Pror.   Inter.  Med.   Con.,''   Paris,    iqoo. 
§  "Jour.  Amer.  Med.  Ass.,"  March  i6,  1901,  p.  723. 
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EHRLICH  DIAZO-REACnON. 

Under  certain  pathologic  conditions  associated  with  high 
fever  a  chromogen  is  to  be  found  present  in  the  urine,  which,  when 
treated  with  diazobenzinsulphonic  acid  in  the  presence  of  am- 
monia,  causes  a  distinct  red  color  which  may  vary  from  a  rose- 
pink  to  a  garnet.  The  reaction  probably  depends  upon  the  fact 
that  if  sulphanilic  add  (amidosulphobenzol)  be  acted  upon  by 
nitrous  acid,  diazosulphobenzol  results,  and  unites  with  the 
aromatic  compounds  present  in  the  urine,  forming  an  anilin  color. 

Reagents. — i.  A  solution  of  sulphanilic  acid  (i  gm.  to  every 
icx>  c.c.)  in  5  per  cent,  hydrochloric  acid. 

2.  Solution  of  sodiimi  nitrite  one-half  per  cent.  It  is  neces- 
sary that  both  solutions  be  fresh. 

Method. — Place  10  to  20  c.c.  of  urine  in  a  test-tube  and  to 
it  add  an  equal  volume  of  solution  No.  i,  shaking  gently  to  eflfect 
a  perfect  mixture;  then  add  from  three  to  six  drops  of  solution 
No.  2,  and  shake  until  a  heavy  froth  collects.  Render  alkaline 
with  anmionia.  The  diazo-reaction  consists  in  the  liquid  becom- 
ing a  port- wine  color  while  the  froth  is  also  red. 

Clinical  Significance. — ^The  diazo-reaction  is  a  fairly  con- 
stant symptom  of  typhoid  fever  after  the  second  week  of  the 
disease.  I  have  found  it  present  repeatedly  in  cases  of  measles, 
tuberculosis  (with  cavity),  meningitis,  croupous  pneumonia,  in 
a  number  of  rather  obscure  conditions,  the  majority  of  which 
were  associated  with  high  fever;  and  less  often  in  scarlet  fever, 
acute  miliary  tuberculosis,  erysipelas,  pyemia,  diphtheria,  puer- 
peral sepsis,  and  tonsillitis.  It  has  not,  therefore,  proved  to  be  of 
great  diagnostic  value  in  typhoid  fever,  since  the  disease  is  usually 
capable  of  diagnosis  before  the  urine  displays  this  reaction,  though 
certain  of  its  advocates  claim  that  the  reaction  is  to  be  found. 
as  early  as  the  fifth  day  of  the  disease.  In  pulmonary  tuber- 
culosis where  the  diazo-reaction  is  present  for  a  long  period  the 
disease  usually  progresses  with  great  rapidity. 

EHRLICH*S  DIHETHYLAMIDOBENZALDEHYD  REACTION. 

It  remained  for  Ehrlich  *  to  point  out  that  under  certain  con- 
ditions dimethylamidobenzaldehyd  induced  a  red  color  with 
mucus  of  some  pathologic  urines  (which  are  always  of  high  speci- 
fic gravity — 1.026  to  1.034),  and  that  a  reaction  resembling  this, 
though  less  intense,  was  also  given  with  normal  urines.  Patho- 
logic urines  giving  this  reaction  are  also  likely  to  give  positive 
diazo-    and  indican  reactions.      Proscher's  analytic  results  are: 

♦"Med.  Woch.,"  1901,  No.  15. 
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carbon  56.49;  hydrogen  7.06,  and  nitrogen  8.28  per  cent.,  and  he 
gives  the  formula  C^Hj^N  for  this  unknown  body. 

Method. — Reagent. — Place  2  per  cent,  of  dimethylamido- 
benzaldehyd  in  equal  parts  of  concentrated  hydrochloric  add 
and  water.  Place  10  to  20  c.c.  of  the  urine  in  a  test-tube,  and  to 
it  add  from  five  to  ten  drops  of  the  reagent;  agitate  to  effect  a 
mixture  and  set  aside  for  a  few  minutes  (two  to  four)  and  then 
note  the  color.  The  reaction  is  positive  when  a  cherry-red  color 
develops  and  takes  place  with  certain  pathologic  urines.  Normal 
urines  may  show  a  deepening  of  their  normal  color,  redden  slightly, 
or  change  to  a  greenish  yellow.  Even  with  pathologic  urines  the 
intensity  of  the  red  color  is  variable.  It  may  develop  upon  contact 
of  the  first  drop  of  the  reagent  with  the  urine;  or  it  may  require 
several  drops  of  the  reagent,  and  two  to  four  minutes'  exposure 
before  the  maximum  intensity  is  attained.  The  pigment  can  be 
extracted  in  part  with  chloroform. 

Caution. — After  standing  for  five  minutes  the  cherry-red  color 
is  apt  to  give  way  to  a  dark  amber,  yet  rarely,  with  a  decided 
reaction,  the  color  may  persist  for  hours  and  even  days. 

Clinical  Significance. — Positive  results  may  be  obtained 
with  the  urine  of  tuberculosis  in  40  per  cent,  of  cases.  The  clinical 
reports  of  Clemens,*  Koziczkowsky,t  and  Simon  J  show^  that  the 
reaction  is  also  common  to  the  urine  of  both  febrile  and  non- 
febrile  maladies,  among  which  are  to  be  mentioned  gastro-enteritis, 
alcohohsm,  appendicitis,  chronic  plumbism,  gastric  carcinoma, 
esophageal  carcinoma,  lobar  pneumonia,  bronchitis,  subphrenic 
abscess,  facial  erysipelas,  measles,  and  typhoid  fever. 

THE  VOLATILE  FATTY  AQDS. 

Volatile  fatty  acids  when  present  in  the  urine  are  usually 
described  under  the  caption  of  lipaciduria,  although  the  term,  more 
correctly  speaking,  implies  an  increased  elimination  of  this  sub- 
stance. The  fatty  acids  which  have  been  found  in  the  urine  are 
acetic,  butyric,  propionic,  and  formic  acids. 

Detection. — i.  The  detection  of  fatty  acids  in  the  urine  is 
accomplished  by  distilling  the  urine  with  phosphoric  acid;  the 
distillate  cautiously  neutralized  with  carbonate  of  soda,  and 
evaporated  to  dryness  over  a  water-bath. 

2.  Extract  the  residue  with  hot  alcohol;  filter,  and  again 
evaporate  to  dryness  over  a  water-bath. 

*  "  Dcut.  An  h.,"  iQOT,  vol.  Ixxxi,  p.  i68. 

t  "  licrl.  nicd.  Woch.,"  TO02,  vol.  xxxix,  No.  44. 

X  "  Amcr.  Jour.  Med.  Sci.,"  Sept.,  1903,  p.  471. 
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3.  Dissolve  this  second  residue  in  water,  and  to  this  liquid 
apply  a  small  quantity  of  a  solution  of  perchlorid  of  iron  (the 
solution  of  formic  acid  must  be  neutral  in  reaction),  when  a  blood- 
red  color  develops.  Heat  this  solution  gradually  to  the  boiling- 
point,  when  the  color,  should  it  be  due  to  formic  acid,  fades  and 
eventually  disappears,  leaving  the  deposit  of  a  rusty  colored 
sediment  at  the  bottom  of  the  liquid  (see  Feces), 

Place  10  c.c.  of  the  urine  in  a  test-tube,  and  to  it  add  one- 
fourth  this  volume  of  sulphuric  acid  and  alcohol,  when,  in  the 
presence  of  acetic  acid,  an  odor  of  acetic  ether  is  emitted. 

It  is  important  to  note  that  free  formic  acid  is  not  precipitated 
by  nitrate  of  silver;  but  that  the  alkaline  salts  of  formic  acid  are 
precipitated  from  concentrated  solutions  containing  this  sub- 
stance by  nitrate  of  silver;  a  white  precipitate  results  which  soon 
changes  to  a  black  should  formic  acid  be  present. 

Microscopically,  volatile  fatty  acids  may  appear  in  the  form 
of  needle-like  crystals  (see  Feces). 

Clinical  Significance. — Normal  urine  contains  traces  of  the 
fatty  acids.  Fatty  acids  are  known  to  occur  in  excessive  amount 
in  the  urine  during  the  course  of  leukemia,  diabetes,  cirrhosis  of 
the  liver,  and  in  suppurative  conditions,  among  which  should  be 
mentioned  those  affecting  the  serous  sacs,  e.  g,,  purulent  peritoni- 
tis, pleurisy,  etc.;  and  in  such  acute  inflammatory  maladies  as 
erysipelas  and  phlegmonous  inflammations. 

It  is  difficult  to  estimate  the  true  clinical  significance  of  fatty 
acids  when  found  in  the  urine,  and  while  it  is  generally  conceded 
that  the  degree  of  carbohydrate  fermentation  present  in  the  intes- 
tine bears  a  more  or  less  direct  correlation  to  the  amount  of  fatty 
acids  excreted  through  the  urine,  further  e\idence  is  needed  to 
substantiate  this  belief. 

FAT. 

Fat  is  not  a  constituent  of  normal  urine,  but  during  the  course 
of  certain  maladies  it  may  appear  in  this  secretion  in  rather  large 
quantities.     This  condition  is  known  as  lipuria. 

The  appearance  of  sufficient  fat  in  the  urine  to  render  it  of  a 
suspicious  appearance  is  unusual,  although  there  are  valid  records 
of  such  instances,  where  the  urine  has  been  found  to  contain  fats 
during  the  course  of  what  otherwise  appeared  to  be  normal  preg- 
nancy. It  is  all-important  to  exclude  the  possibility  of  the  urine 
being  contaminated  with  fat  from  structures  adjacent  to  the 
urinar)'  tract.  Microscopically  it  is  not  unusual  to  detect  small 
particles  of  fat  in  the  urine. 

Clinical  Significance. — Small  fat-globules  are  to  be  observed 
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microscopically  whenever  there  exists  advanced  degeneration 
of  the  renal  epithelium.  Areas  of  fatty  degeneration  are  to  be 
recognized  in  such  epithelial  cells  and  in  the  pus-corpuscles. 
Under  such  conditions  droplets  of  fat  may  be  found  free  in  the 
urine,  but  it  is  far  the  more  common  to  find  them  intimately 
connected  with,  or  apparently  occupying,  a  portion  of  some  of  the 
formed  elements  (see  Fatty  Casts,  page  289).  Lipuria  may  be  pre- 
ceded by  lipemia  (see  Fat  in  the  Blood,  page  66). 

Certain  observers  have  found  varying  amounts  of  fat  in  the 
urine  after  the  administration  of  large  quantities  of  cod-liver  oil. 
Lipuria  is  a  feature  of  obesity,  pulmonary  tuberculosis  (stage  of 
cavity),  leukemia,  disease  of  the  pancreas,  myocarditis,  diabetes 
mellitus,  chronic  nephritis  with  fatty  kidney,  phosphorus-poison- 
ing, pyonephrosis,  puerperal  eclampsia,  chronic  alcoholism,  and 
conditions  in  which  abscesses  and  cysts  empty  into  the  urinary 
tract.  It  has  been  observed  to  follow  multiple  fractures  of  the 
long  bones,  and  in  septicemia. 

Staining. — Place  a  small  amount  of  the  urinary  sediment 
upon  the  center  of  a  slide,  spread  thinly,  and  dry  in  the  air.  Stain 
for  one  minute  with  an  alcoholic  solution  of  Sudan  III.  Re- 
move the  stain  by  allowing  a  current  of  water  to  flow  upon  one 
end  of  the  slide  and  to  flood  gently  over  the  specimen.  All 
particles  of  fat  will  stain  pink  or  red  with  this  solution.  It  is 
ofttimes  more  practical  to  place  a  drop  of  the  Sudan  III  solution 
at  the  margin  of  the  cover-glass,  and  to  move  the  cover  slightly 
toward  the  stain;  when  the  red  solution  will  be  found  to  flow 
beneath  the  cover,  mingling  with  the  cellular  elements  and  debris 
present.    Thus  treated,  particles  of  fat  stain  a  light  pink  shade. 

For  a  description  of  Cammidgc's  reaction  for  glycerin  in  the 
urine  see  p.  531. 

CHYLURIA. 

Chyluria  is  the  name  applied  to  a  condition  wherein  the  urine 
presents  the  macroscopic  appearance  of  milk.  Chylous  urine 
is  likely  to  contain  albumin,  and  always  contains  fat.  Upon 
standing,  such  urine  may  display  a  heavy  sediment,  a  portion  of 
which  sinks  to  the  bottom,  while  a  certain  amount  of  the  fat  may 
collect  upon  the  surface  of  the  urine,  resembling  the  cream  dis- 
played by  milk  that  has  been  kept  at  a  low  temperature.  Further, 
chylous  urine  may,  upon  standing,  show  a  tendency  toward  the 
formation  of  rather  tough  coagulum.  A  portion,  and  at  times 
nearly  all,  of  the  urine  becomes  gelatinized.  Chylous  urine  often 
has  a  bloody  color. 

Recognition. — Place  10  c.c.  of  the  milky  urine  in  a  test-tube, 
and  to  it  add  an  equal  volume  of  sulphuric  ether;  then  shake 
vigorously  for  several  minutes;  and  set  aside  for  a  short  time,. 
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when  the  particles  of  fat  are  seen  to  be  separated  by  the 
ether. 

Chemically,  fats  form  a  rather  constant  constituent,  and  are 
to  be  recognized  through  both  their  chemic  and  microchemic 
reactions.  Albumin  also  forms  a  common  constituent  of  chylous 
urine,  and  is  not  infrequently  present  where  there  exists  no  other 
evidence  of  disease  of  the  renal  parenchyma.  Such  albumin 
may  result  in  part  at  least  from  the  blood  that  is  present  in  chylous 
urine,  but  in  the  absence  of  blood  and  other  evidence  of  renal  dis- 
ease it  is  often  found  present,  in  which  instance  its  significance 
and  derivation  remain  moot. 

Microscopic— The  sediment  of  chylous  urine  is  best  col- 
lected through  the  aid  of  the  centrifuge.  Such  sediment  will  be 
found  to  contain  for  the  most  part  innumerable  small  refractile 
globules  of  fat  {Fig.  93),  epithehal 
cells,  few  leukocytes,  and  a  variable 
number  of  red  blood-cells,  which  in 
bloody  urine  may  exceed  in  number 
the  fat-gtobules.  Crystals  of  leucin 
and  tyrosin  are  occasional  findings,  1 
while  cholesterin  is  rather  commonly  ' 
seen. 

Renal  epithelium  and  renal  casts 
are  to  be  seen  whenever  there  exists 
nephritis.  It  is  not  uncommon  to 
find    the   Filaria    sanguinis   hominis 

.        ,      ,  ."  ...  FiR.    .)3.-Chylc   mid    starch    In 

present  m  chylous  unne — a  condition  urine,  smaii  ,cils  fh>ie,  larRt  and 
which  I  have  observed  upon  two  sl^MtT'ow-!,ixxb)"'  """  '" '' 
occasions.     The  filaria  when  passed 

with  the  urine  is  non-motile,  but  in  fresh  specimens  the  parasite 
does  not  appear  to  be  materially  distorted. 

Clinical  Significaoce. — Parasitic  chyluria  is  a  symptom  of 
filariasis,  but  by  no  means  do  all  cases  of  filariasis  show  chyluria. 
In  many  instances  of  chyluria  the  true  cause  of  this  symptom 
is  unknown;  yet  when  chyluria  is  considered  with  reference  to 
the  relation  of  the  lymphatics  surrounding  the  kidney,  it  appears 
reasonable  that  any  condition  capable  of  forming  a  fistulous  com- 
munication between  the  lymphatics  and  the  pelvis  of  the  kidney 
might  excite  chyluria.  In  one  instance  under  personal  obser- 
vation chyluria  followed  an  operation  for  a  floating  kidney;  and 
in  another  a  temporary  chyluria  developed  following  a  severe  fall, 
but  this  symptom  (chyluria)  was  of  but  two  days'  duration.  In 
a  third  case,  recently  studied,  chyluria  developed  during  the  course 
of  a  sloughing  uterine  fibroid,  but  the  urine  became  clear  three  days 
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later  and  there  has  been  no  return  of  this  symptom.  It  is  of 
funhtr  clinical  interest  to  note  that  this  patient  developed  phleg- 
masia alba  dolcns  two  months  after  the  attack  of  chyluria. 

PTOHAINS. 

Despite  ihe  vast  amount  of  literature  that  has  recently  ac- 
cumulated with  reference  to  the  detection  of  ptomains  in  the  urine, 
we  are  thus  far  practically  without  clinical  data  that  may  be  re- 
garded of  diagnostic  value  concerning  such  substances. 

Cadaverin  and  putrescin  have  been  found  in  the  urine  in 
considerable  amounts.  These  substances  are  lo  be  obtained 
from  the  cadaver  during  the  process  of  puirefaclion.  They 
appear  in  the  rice-water  stools  of  .\siatic  cholera  and  in  cuhures 
of  the  comma  bacillus,  of  Koch.  Cadaverin  is  often  found  in  con- 
junction with  cystinuria,  and  according  lo  Simon,  the  amount  of 
diamins  found  in  this  condition  may  vary  greatly,  he  having 
isolated  as  much  as  1.6  gm.  of  benzoylaled  cadaverin  from  the 
twenty-four  hours'  product. 

GASES. 

Normal  urine  contains  a  small  volume  of  gases,  which  accord- 
ing to  Purdy  are:  carbonic  acid  4  to  9  volumes  free  gas,  a  to  5 
combined;  oxygen,  0.2  to  0.6  volume;  and  nitrogen,  0.7  to  0.8 
volume. 

Sulphureted  Hydrogen.— Under  certain  pathologic  con- 
ditions sulphurcted  hydrogen  is  found  in  the  urine — a  condition 
known  by  the  term  hydrolhionuria.  Hydrothionuria  may  be 
due  to  the  escape  of  gas  into  the  bladder  from  the  adjacent  tissues 
or  viscera.  In  certain  instances  it  has  been  found  to  be  due  to  an 
accumulation  of  pus;  and  where  abscesses  have  emptied  their 
contents  directly  into  the  bladder.  Again,  sulphureted  hydrogen 
is  a  product  of  the  putrefaction  of  albuminous  substances,  in  which 
case  the  gas  is,  at  limes,  due  to  the  development  of  bacteria.  In 
order  lo  prove  this  point,  add  a  small  quantity  of  the  contaminated 
urine  to  several  limes  its  own  volume  of  normal  urine;  mix  thor- 
oughly, place  in  a  sterile  tcsl-lubc,  cork  wiih  cotton,  and  allow  to 
stand  for  twenty-four  hours  at  a  temperature  near  that  of  the 
body.  Should  the  gas  be  due  to  bacterial  developmenl,  the  normal 
urine  in  the  test-lube  will  contain  sulphureted  hydrogen;  but 
should  the  sulphureted  hydrogen  have  gained  entrance  to  the 
bladder  from  without,  the  urine  will  be  found  free  from  this  gas. 

It  is  not  definitely  known  through  the  development  of  what 
organism  or  organisms  sulphureted  hydrogen  is  generated  in 
the  urine,  and  there  is  reason  to  susj>ect  at  least  that  it  results  from 
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the  action  of  certain  bacteria  upon  some  special  substance  or 

substances  present  in  the  urine.    In  addition  to  the  above  sources 

of  sulphureted  hydrogen  in  hydrothionuria,  it  is  thought  that  the 

gas  may  be  derived  from  neutral  and  oxidized  sulphurs  present. 

from  the  foregoing  statements  it  will  be  seen  that  the  entire 

question  remains  unsettled.    Hydrothionuria  is  often  associated 

with  cystinuria. 

Test  for  Sulphureted   Hydrogen. — i.  Place   from    lo  to  30 
c.c^  of  the  suspected  urine  in  a  clean  bottle. 

2.  Cut  several  strips  of  filter-paper,  about  one-fourth  inch 
wide  by  one  inch  long,  and  moisten  these  papers  with  a  solution 
of  scxlium  hydrate,  and  then  with  a  solution  of  lead  acetate. 

3.  Surround  the  moistened  strips  of  filter-paper  by  a  thread, 
3-iici  then  lower  them  into  the  bottle,  clamping  the  thread  with 
th^  cork,  so  that  the  filter-paper  will  be  suspended  some  distance 
3-l>OTe  the  urine,  and  near  the  top  of  the  bottle. 

Should  sulphureted  hydrogen  be  present,  the  filter- paper  will 
^^  changed  to  a  gray,  brown,  or  black  color.  The  intensity  of  the 
^^lor  and  the  time  necessary  for  its  production  will  depend  upon 
^He  quantity  of  sulphureted  hydrogen  present. 

EFFECT  OF  DRUGS  UPON  THE  ITRJNE. 

It  is  the  rule  for  .clinicians  to  submit  specimens  of  urine  for 

analysis  without  informing  the  laboratory  worker  as  to  the  nature  of 

the  case  in  question,  and  much  less  to  think  of  acquainting  him 

with  what  drugs  have  been  administered  to  the  patient  during  the 

past  few  days.     Certain  medicines  are  readily  detected  in  the  urine, 

while  others  are  detected  with  great  difficulty,  and  still  a  third 

class  are  not  demonstrable  except  when  administered  in  large 

doses,  and  even  then  there  may  be  room  for  question  as  to  their 

identity.     It  shall  be  my  purpose  here  to  call  attention  to  a  few 

drugs  which  when  administered  by  the  mouth  produce  decided 

changes  in  the  urine. 

Clinical  Significance. — The  recognition  of  certain  drugs  in 
the  urine  is  by  no  means  a  feature  of  great  clinical  value,  since  drugs 
when  given  as  medicinal,  and  even  in  toxic,  doses  are  often  elim- 
inated with  the  urine  in  such  small  amounts  as  to  make  their 
detection  impossible  or  at  least   impracticable. 

lodin. — Place  5  c.c.  of  urine  in  a  test-tube  and  to  it  add  from 
two  to  five  drops  of  fuming  nitric  acid.  Add  chloroform  to  equal 
the  quantity  of  urine,  shake  gently,  and  set  aside  for  a  few  minutes. 
Chloroform  will  be  found  to  settle  at  the  bottom  of  the  tube  and 
display  a  reddish-violet  color. 
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Bromin. — Bromin  when  present  in  the  urine  may  be  detected 
in  the  same  method  as  is  iodin,  differing  only  in  that  bromin 
colors  the  chloroform  a  brownish  yellow. 

Potassium  iodid  gives  a  pink  color  to  the  chloroform  when 
treated  as  in  testing  for  indican  (page  211). 

Salicylic  Acid  and  the  Salicylates. — Following  the  adminis- 
tration of  salicylic  acid,  the  urine  will  be  found  to  strike  a 
blue- violet  color  when  treated  with  a  solution  of  chlorid  of  iron 
(see  Diacetic  Acid^  page  243). 

Salol. — Urine  containing  salol  becomes  green,  and  eventu- 
ally black,  upon  staining  (see  Color^  page  169).  It  gives  the  re- 
actions for  salicylic  acid. 

Antifebrin. — This  substance  may  be  detected  in  the  urine 
by  the  following  method:  Place  a  few  cubic  centimeters  of 
the  fresh  urine  in  a  test-tube  and  to  it  add  one-fourth  this 
volume  of  a  concentrated  solution  of  hydrochloric  acid;  boil 
gently  for  from  one  to  three  minutes,  and  set  aside  until  cool. 
To  the  cold  mixture  add  a  few  cubic  centimeters  of  a  weak  solu- 
tion of  carbolic  acid  (3  per  cent.),  and  follow  by  adding,  a  drop 
at  a  time,  a  weak  solution  of  chromic  acid.  The  entire  mixture 
assumes  a  red  color;  but  upon  being  alkalinized  by  the  addition 
of  ammonia  it  changes  to  a  blue.  Anli pyrin  also  causes  a  red 
color  when  treated  with  a  solution  of  chlorid  of  iron;  and  thallin 
causes  a  greenish-brown  color  with  this  reagent. 

Rhubarb  and  Senna. — Rhubarb  and  senna  are  known  to 
give  a  decided  color  to  the  urine.  These  substances  have  been 
described  under  Color ^  page  169. 

Carbolic  Acid. — Following  the  administration  of  carbolic  acid, 
resorcin,  and  naphthaKn,  the  urine  will  be  found  to  contain 
hydroquinon  in  considerable  amounts;  and  upon  standing  exposed 
to  the  light,  such  urines  darken,  becoming  first  olive-green,  and 
later  brownish  black,  or  in  some  instances  black.  The  exact 
determination  as  to  which  of  these  drugs  has  been  administered 
is  of  no  practical  value  except  in  the  case  of  poisoning  (see  special 
works  on  toxicology). 

Poisons. — Whenever  arsenic,  antimony,  lead,  mercur>%  and 
silver  have  been  administered  in  sufficient  quantities  to  produce 
poisonous  effects,  these  metals  will  be  found  to  appear  in  the  urine. 
They  are  also  found  after  the  prolonged  use  of  these  drugs  in 
medicinal  doses.  The  amount  of  the  metal  excreted  through 
the  urine  is  comparatively  small,  and  it  is  questionable  whether 
its  detection  in  this  secretion  is  of  practical  clinical  value  except 
it  be  studied  from  a  toxicologic  standpoint. 

Among  the  alkaloids,  quinin  and  strychnin  are  often  excreted 
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through  the  urine  unaltered,  yet  here,  too,  the  amount  is  extremely 
small.  Morphin  may  be  excreted  through  the  urine,  but  this  is 
not  a  constant  finding  following  the  administration  of  this  drug. 
It  is  scarcely  within  the  scope  of  this  volume  to  deal  further  with 
the  question  of  drugs,  and  the  reader  is  therefore  referred  to  special 
works  upon  toxicology. 


MICROSCOPIC  STUDY  OF  THE  URINE. 

Normal  urine  is  acid,  and  when  allowed  to  stand  for  a  few 
hours  deposits  a  cloud  of  variable  density  at  or  near  the  bottom 
of  the  vessel,  which  deposit  is  sometimes  prevented  from  forming 
by  the  rapid  development  of  fungi.  This  sediment  is  composed 
of  crystals,  epithelial  cells,  mucus,  white  blood-cells,  and  granular 
debris.  Urine  voided  in  the  morning  is  apt  to  deposit  urates, 
and  may  at  times  show  uric  acid  and  calcium-oxalate  crj'stals. 

Pathologic  urines  may  be  alkaline  or  acid,  and  are  often  cloudy 
when  voided,  or  deposit  a  heavy  sediment  on  standing;  yet  it 
does  not  necessarily  follow  that  all  morbid  urines  display  a  pre- 
cipitate; on  the  contrary,  the  urine  of  chronic  interstitial  nephritis 
is  exceptionally  free  from  sediment,  as  is  also  diabetic  urine. 

Microscopic  study  of  the  sediment  from  pathologic  urine  that 
has  not  undergone  decomposition  outside  the  body  always  fur- 
nishes valuable  clinical  knowledge  and  frequently  provides  the 
only  reliable  information  on  which  to  base  a  diagnosis. 

SEDIMENTATION. 

Two  methods  are  employed  in  effecting  a  precipitate  of  the 
organic  and  inorganic  constituents  of  the  urine:  i.  Allow  the 
urine  to  stand  in  a  cool  place  until  sufficient  sediment  has  col- 
lected at  the  bottom  of  the  liquid.  2.  By  means  of  the  centri- 
fuge (Fig.  75);  which  instrument  should  be  so  constructed  as 
to  make  it  impossible  for  the  tubes  containing  the  urine  to  come 
in  contact  with  its  handle,  a  defect  in  many  American  patterns. 

In  using  this  instrument  let  steadiness,  rather  than  rate  of 
speed,  receive  first  attention.  Such  instruments  propelled  by 
water  and  by  electricity  are  in  use,  and  I  have  found  them  most 
satisfactory.  Shake  the  urine  well  and  then  pour  it  into  the  centri- 
fuge tube  to  within  one- fourth  of  an  inch  of  the  brim ;  y)lace  the  tube 
in  its  special  receptacle  on  the  armature  (sQcCcnirijugCy  page  i8q) 
and  in  the  opposite  receptacle  place  a  tube  filled  with  urine, 
or  with  water  to  balance  the  instrument.  Centrifugate  for  from 
three  to  five  minutes,  when  a  precipitate  will  have  collected  at  the 
17 
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bottom  of  the  tubes.    Remove  the  tubes  from  the  armature  and 
stand  them  in  an  ordinary  tumbler. 

Caution. — ^The  tubes  are  marked  by  a  small  elastic  which  sur- 
rounds the  top  of  one  tube. 

MICROSCOPIC  TECHNIC 

The  precipitate  is  lifted  by  means  of  a  pipet  and  a  small  drop 
of  it  placed  on  the  center  of  a  slide,  which  is  placed  on  the  mic- 
roscope, and  the  specimen  viewed  under  a  low-power  objective 
(two-thirds)  to  determine  its  general  character.  Certain  organic 
and  inorganic  elements,  as  phosphates,  urates  of  ammonia, 
uric  acid,  epithelia,  and  casts,  are  determined  through  this  ob- 
jective, and  fungi  may  be  recognized  with  a  variable  degree  of 
certainty. 

Light. — In  the  study  of  urine  a  small  amount  of  light  is 
required,  since  a  high  degree  of  illumination  prevents  seeing  many 
objects  of  diagnostic  value,  high  light  rendering  translucent 
bodies  transparent;  thus  fatty  acids,  phosphates,  tyrosin,  soaps 
of  calcium  and  magnesium,  and  other  delicate  crystals,  as  well 
as  hyaline  casts  and  epithelia,  often  escape  notice  when  the  light 
is  not  properly  adjusted.  To  avoid  such  an  error  it  is  my  practice 
to  employ  an  Abb^  condenser  and  an  iris  diaphragm  in  the  study 
of  all  urines.  A  second  diaphragm  above  the  substage  is  of 
little  value. 

The  light  may  also  be  advantageously  modified  by  interposing 
colored  plate  glass  or  gelatin  paper  between  the  mirror  and 
condenser.  A  complemental  color  to  the  stain  gives  best  results; 
€,  g.y  for  methylene- blue  use  red  or  yellow;  for  safranin  employ 
green. 

After  a  specimen  has  been  studied  under  a  low  power  the 
slide  is  removed  from  the  microscope,  placed  on  the  table,  and 
a  clean  cover-glass  allowed  to  fall  gently  upon  it.  It  may  now 
be  studied  through  a  higher  power  objective.  For  general  urinary 
work  a  one-fifth  or  a  one-sixth  objective  is  of  most  service. 

Focus. — These  objectives  focus  at  a  point  just  sufficiently  dis- 
tant from  the  cover-glass  to  permit  the  eye  to  carry  between  the 
tip  of  the  objectives  and  the  cover,  the  head  having  been  lowered  to 
bring  the  eye  on  a  level  with  the  microscope's  table  (page  22). 

Permanent  Mounts. — It  is  difficuh,  if  not  impossible,  to 
acquire  sufficient  knowledge  of  the  various  crystals  and  their  many 
forms  found  in  urinary  sediments,  as  well  as  the  rare  organic  sub- 
stances encountered,  to  enable  one  to  make  a  positive  assertion  as 
to  the  nature  of  any  crystal  or  cell  which  he  may  meet  in  general 
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urinary  microscopy;  and  to  insure  against  ail  possible  confusion, 
it  is  necessary  to  make  permanent  mounts  of  interesting  specimens. 
I  have  employed  this  method  in  teaching  clinical  microscopy  in 
the  Medico- Chirurgical  College,  and  believe  it  to  be  ideal  in  its 
results. 

Washing  Sediments.— Sediment  collected  at  the  bottom  of 
the  tubes  by  centrifugalization  may  be  washed  successfully  after 
the  following  method :  i .  Pour  off  the  clear  supernatant  urine,  and 
to  the  sediment  add  sufficient  water  to  fill  the  tube;  then  place 
the  thimib  over  the  mouth  of  the  tube  and  invert  it  several  times 
until  the  sediment  is  equally  disseminated  throughout  the  water. 
2.  Place  the  tube  (sediment  and  water)  in  the  centrifuge  and  again 
sediment.  3.  Decant  clear  supernatant  fluid,  continuing  as  above 
until  the  sediment  has  received  three  or  more  washings,  when  it 
will  be  cleansed  and  ready  for  mounting. 

Note, — ^Washing  in  no  way  alters  sediments  of  delicate  struc- 
ture. 

If  the  sediment  is  to  be  preserved  in  crystalline  form,  a  drop  of 
sediment  is  placed  on  the  center  of  a  slide  and  allowed  to  evaporate 
to  dryness  in  the  open  air;  a  drop  of  Canada  balsam  or  of  the 
following  mounting  medium  is  placed  on  the  center  of  the  specimen 
by  means  of  a  glass  rod,  and  a  clean  cover-glass  allowed  to  fall 
gently  on  the  medium,  which  is  spread  by  its  weight.  Bubbles  of 
air  are  in  no  way  detrimental  to  the  preservation  of  the  specimen. 

Caution. — It  requires  a  large  drop  of  Canada  balsam  for 
mounting  urinary  sediment. 

Casts. — Renal  casts  are  preserved  by  allowing  the  urine  to 
evaporate  nearly  to  dryness,  a  drop  of  the  following  medium 
being  added  to  the  center  of  the  specimen: 

Lic|.  acidi  arsenosi  (U.  S.  P.) i  fl  oz. 

Salicylic  acid J  gr. 

Glvcerin 2  fl.  dm. 

Warm  slightly  until  solution  is  effected,  when  add  acacia 
(whole  tears),  and  again  warm  until  solution  is  saturated;  after 
subsidence  decant  clear  supernatant  liquid.  A  drop  of  formalin, 
40  per  cent.,  may  be  added  to  this  mixture. 

It  will  be  noticed  that  the  urine  immediatelv  surrounds  the 
drop  of  medium,  and  in  order  to  get  the  casts  equally  distributed 
throughout  the  slide  it  is  necessary  to  carry  a  fine  needle 
from  the  outer  margin  of  the  urine  (wash- water  and  sediment)  to  the 
center  of  the  medium  until  the  two  substances  show  no  tendencv 
to  separate.  A  cover-glass  is  moistened  by  the  breath  and  then 
allowed  to  fall  gently  upon  the  specimen.    The  slide  is  now  put 
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in  a  cool  place  for  from  twenty-four  to  forty-eight  hours  (see 
Casts,  page  283),  when  it  should  be  provided  with  a  permanent 
ring  of  microscopic  cement.* 

URINARY  SEDIHENTS. 

It  has  been  deemed  advisable  to  divide  all  sediments  of  the 
urine,  whether  collected  by  allowing  the  urine  to  stand  for  several 
hours  in  a  cool  place  or  by  the  aid  of  the  centrifuge,  into  two 
classes;  viz.,  organic  and  inorganic  sediments. 

The  accompanying  scheme  will  be  found  serviceable  as  a 
guide  to  the  scientific  research  necessary  for  the  determination  of 
urinary  sediments,  and  w^ill  refer  the  student  to  a  more  elaborate 
discourse  upon  the  substance  in  question. 

INORGANIC  SEDIMENTS. 

These  may  be  either  cr\'stalline  or  amorphous  in  character, 
and  their  physical  properties  will  be  governed  largely  by  the 
chemic  reaction  of  the  urine  in  which  they  are  found.  The 
reaction — time  since  voided — and  the  naked-eye  appearance  of 
the  sediment  aid  materially  in  making  a  positive  determination, 
since  one  encounters  cr}'stals  similar  in  microscopic  appearance 
though  widely  different  in  composition. 

For  convenience  of  study  inorganic  sediments  are  separated 
into  two  classes,  viz.,  those  found  in  acid  and  those  occurring 
in  alkaline  urines. 

Acid  urine,  which  on  standing  displays  a  heavy  sediment  of  a 
reddish  color,  is  suggestive  of  urates,  and  if  entirely  due  to  this 
substance,  the  turbidity  disappears  on  heating  (see  Scheme,  page 
261).  When  large  crystals  of  uric  acid  are  also  present,  we  may 
observe  fine,  reddish-brown,  sand-like  particles  at  the  bottom  of 
the  urine,  and  when  the  bottle  is  inclined  so  as  to  displace  the 
urine,  these  sands  may  cling  to  its  sides  (see  Urk  Acid),  A 
scarcely  perceptible,  flocculent  precipitate  seen  near  the  bottom 
of  the  bottle  suggests  oxalates.  Certain  pigments  from  the  blood 
and  bile  mav  at  times  discolor  the  urine  and  its  sediments. 

Alkaline  urine  on  standing  is  apt  to  display  a  more  or  less 
heavy  sediment.  When  such  sediment  is  easily  broken  by  shaking, 
phosphates  are  probably  present;  but  when  it  is  seen  to  be  ropy 
and  is  not  readily  lifted  into  the  pipet,  pus  and  mucus  may  also 
be  ])rescnt.  Heat  increases  the  precipitate  in  either  case,  but 
turbidity  due  to  phosphates  disappears  on  the  addition  of  acetic 
acid.  Indican  may  be  present  in  connection  with  a  hea\T  sedi- 
ment and  lend  its  color  to  the  precipitate. 

*  "N.  Y.  Med.  Jour.."  Nov.  4,  1899. 
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Uric  Acid. — Crystab  of  uric  acid  are  originally  colorless,  but 
when  present  in  urine  they  are  colored  yellow,  brown,  or  red  by 
urinary  pigments,  and  specimens  are  seen  extending  through  the 
successive  variations  of  these  shades.  Rarely  indeed  are  these 
crystals  devoid  of  color  in  this  situation.  Crystals  of  uric  acid  may 
present  many  forms,  and  it  is  not  uncommon  to  find  two  or  more 
varieties  represented  in  the  same  specimen,  which  necessitates  that 
the  student  study  many  urines  containing  uric  acid  in  order  to  be- 
come familiar  with  its  many  characteristic  crystalline  forms.  The 
accompanying  plate  (Plate  1 5)  and  illustration  (Fig.  94)  were 
sketched  after  a  careful  study  of  several  slides — permanent  mounts 


Fig.  94.-  -Uric  acid.    From  selected  slides  (obj.  Queen  one-sixth). 


— collected  from  the  author's  clinical  studies;  yet  they  fail  to  show 
many  equally  characteristic  though  not  common  crystalline  forms. 
Crystals. — The  size  of  these  cr>'stals  varies  greatly  even  in 
the  same  form.  Among  the  commoner  forms  are:  The  irregular 
diamond  shape  (flat-iron)  crystal,  which  is  often  poor  in  coloring- 
matter  and  may  present  a  central  spot  resembling  a  nucleus  or 
the  outline  of  a  smaller  central  diamond;  rhombic  plates  with 
more  or  less  rounded  ends  richer  in  color,  thicker,  more  highly 
refractive,  showing  a  distinct  central  spot  and  at  times  longitudinal 
striations  (whetstone  crystals);  spheric  or  oval  crystals  from  the 
surface  of  which  project  one  or  more  spines;  long  forms  presenting 
a  rounded  surface  with  a  central  diameter  slightly  greater  than  that 
of   either   extremity    (cigar   crystals);    short,    thick   forms   \\ith 
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Philadelphia  Hospital,  wilh  ihe  following  diagnosis:  acute  mania, 
hepatic  abscess,  and  cocain  poisoning.  Dr.  George  Pfahler 
(through  whose  courtesy  my  studies  were  conducted)  has  made  a 
detailed  report  of  his  findings  in  these  cases,* 

Crystals. — These  crystals  appear  in  needle- like  forms,  and  when 
studied  singly  uQder  a  moderately  high-power  objective  (one- 
eighth),  arc  seen  to  taper  decidedly  at  each  extremity,  while  at  the 
center  two  slight  lateral  depressions  are  observed  (Fig.  97),  which 
apparently  favor  their  peculiar  arrangement.  By  careful  focus 
and  a  feeble  light  the  clusters  (rosets)  are  found  to  be  formed  from  a 
crossing  of  several  of  these  needles,  which  focus  at  different  levels 
so  that  when  one  layer  is  in  focus  the  others  appear  indistinct 
and  slightly  shortened,  giving  somewhat  the  appearance  of  a 
chrysanthemum.  Similar  crys- 
tals are  found  in  feces. 

These  crystals  do  not  re- 
spond to  the  tests  for  lyrosin, 
and  on  careful  study  are  seen 
to  differ  widely  from  the  crys- 
tab  of  that  body,  though  im- 
perfectly formed  sheaths  are 
occasionally  seen. 

Neutral    Calcium   Phos- 
phates.— This    substance    in 
the  urine  may  appear  as  deli- 
cate, colorless  prisms,  and  less  "  x^ 
commonly  is  U  seen   to  talve  "-^V'^^--"'^ 
the  form  of  fine  needles,  which         j,^_    -  _(,,,,,;,  ,,i,.,,  ,.,.1  ,  ,1.  mm  and 
may  collect  either  in  bundles     B°,§''^''"''pf^'y'■'^■^'''''■ '■~'h'' ;i''"'n'r'i'''"Dn''' 
or  rosets  (Fig.  98),  in  which    si.th). 
instance  it  resembles  tyrosin. 

Such  crystals  occur  in  neutral  or  faintly  acid  urines,  and  are  to  be 
detected  when  such  urines  are  changing  from  acid  to  alkaline. 

Solubility. — They    are    dissolved    by    acetic    acid    and    by 


Boric  Acid. — After  toxic  doses  of  boric  acid  it  may  appear 
in  the  urine  as  an  amorphous  sediment.  I  am  indebted  to  Dr. 
John  A.  McKcnna  for  a  specimen  of  such  urine  that  was  acid 
in  reaction,  cloudy,  of  high  color,  and  showed  a  heavy  sediment, 
which  was  composed  for  the  most  part  of  amorphous  boric  acid. 

Tyrosin  and  Leucin. — These  substances  when  present  in 
the  urine  in  considerable  amounts  appear  in  the  following  crystal- 
line forms: 

•"Philn.  Hosp.   Rep.,"   ipoo. 


THE   URINE. 


Tyrosin  assumes  the  form  of  fine  colorless  needles  of  equal 
diameter  throughout  their  length.  They  are  commonly  seen  in 
bundles  showing  marked  constriction  at   the  center  (sheaves). 


A  sheaf  m;iy  be  brokt-n  ;it  its  conttT,  and  each  half  resemble  an 
open  fun  (Fig.  99),     These   nt-L-dlcs,  when  in  alkaline  medium, 
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occasionally  unite  to  form  rosets,  resembling  somewhat  the 
soaps  of  calcium  and  magnesium,  and  of  neutral  calcium  phos- 
phates, yet  to  the  careful  observer  decided  diflferences  are  ap- 
parent. 

Solubility. — By  adding  a  drop  of  either  an  acid  or  an  alkali 
to  the  slide,  the  crystals  are  seen  to  dissolve  as  they  come  in  con- 
tact with  these  substances.  Dissolution  is  also  effected  by  heating 
the  slide,  when  an  odor  of  phenol  is  emitted. 

Clinical  Significance. — ^Tjrrosin  being  a  product  of  the  decom- 
position of  proteids,  appears  in  the  urine  in  large  amounts  only 
when  such  changes  are  rapid,  and  is  found  in  connection  with 
leucin  during  the  course  of  acute  hepatic  atrophy,  acute  phos- 


Fig.  100. — Leucin  discs  and  tyrosin  crystals  (obj.  Spencer  one-sixth). 


phorus-poisoning,  and  rarely  in  sepsis,  typhoid  fever,  leukocy- 
thcmia,  small-pox,  and  other  infectious  maladies. 

Leucin. — Leucin  is  often  found  in  the  urine  showing  tyrosin, 
and  is  the  result  of  similar  retrograde  metabolic  changes.  Like 
tvrosin,  but  a  small  amount  of  this  substance  is  cnstallized  to 
form  a  sediment,  and  it  may  be  present  in  a  comparatively  large 
amount  and  yet  give  no  microscopic  evidence  whatever. 

Leucin,  when  crystalline,  occurs  as  small,  highly  refracting, 
yellowish  spheres,  slightly  resembling  oil-globules  (see  Figs.  100, 
loi ).  Aggregations  of  these  crystals  in  conjunction  with  amorphous 
material  are  common  findings,  and  when  pure,  the  crystals  api)car 
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as  extremely   delicate   plates;    rnset  crystak   are   rarely  seen  in 
fresh  urines,  but  standing  encourages  their  dtvclopmenl. 

SoluhUity.^Cry&lals  of  leucin  are  not  changed  by  ether,  which 
distinguishes  them  from  the  fal-globulcs.  They  arc  dissolved 
by  caustic  alkalis. 

Bilirubin. — Urine  containing  large  amounis  of  bilirubin  may 
present  this  substance  in  crystalline  form,  which  is  seen  either  as 
rhombic  plates  or  as  fine  needles  and  which  may  be  distributed 
singly  or  in  clusters  varying  in  color  from  yellow  to  dark  red. 
li  a  drop  of  nitric  acid  be  added  to  the  margin  of  the  cover- 
glass  and  the  specimen  carefully  watched  while  the  acid  enters 
beneath  the  glass  and  mingles  through  the  urine,  each  crystal  will 
appear  to  be  surrounded  by  a  greenish  band.  Crystals  of  bili- 
rubin arc  dissolved  by  caustic  soda. 

Clinical  Significance. — The  urine  from  severe,  forms  of  Jaun- 
dice may  contain  crystals  of 
•  bihrubin  which  should  always 

be  distinguished  from  tyrosin — 
a  common  finding  in  this  silua- 

#tion. 
^^  Hematoidin. — Unlike    bili- 

^B  rubin,      hematoidin      assumes 

many  crystalline  forms,  rhombic 
Q^  ^^      °''     oblong     plates,     ill-formed 

^KS      masses,  small  discs  from  which 
^  fine  needles  are  seen  to  radiate, 

Fit  roi.-Leucin  crystal*  lOg-icn).  and   Occasionally  a   crj'stal  re- 

sembling the  limb  of  a  tree, 
displaying  fine  branches  on  one  or  both  sides  (Plate  17).  Their 
color  is  red  and  varies  according  to  the  shade  of  the  1 
which  they  are  suspended. 

Distinction. — When  treated  with  impure  nitric  acid,  a  play  of 
colors  is  observed  changing  to  a  transitory  blue.  Bilirubin 
when  thus  treated  changes  to  green.  Bile-pigments,  too,  rarely 
display  a  blue  color,  which  therefore  renders  the  nitric-acid  lest 
of  little  use  with  biliary  urines. 

Solubility, — Crystals  of  hematoidin  are  insoluble  in  acetic 
acid  and  partially  soluble  in  ether, 

ClinicEil  Significance. — Hematoidin  may  be  found  in  the 
urine  during  the  course  of  acute  infectious  fevers,  acute  yellow 
atrophy  (hcpaiic),  phosphorus- poisoning,  jaundice,  hepatic  cirr- 
hosis, or  carcinoma,  and  following  the  rupture  of  vessels 
abscesses  into  the  urinary  tract;  and  after  renal  trauma.* 
•  YatTOW,  "N.  V.  Med.  Jour.,"  Jm.  6,  igoo 


PLATE  17. 


Hematoidin  Crystals  and  Filaria  Sanguinis  Hominis  from  the  Urine. 
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Through  the  courtesy  of  Dr.  John  A.  McKenna  I  was  provided 
with  a  number  of  specimens  of  urine  from  a  patient  from  whom 
one  kidney  had  been  removed  and  which  was  found  by  the  surgeon 
to  consist,  for  the  most  pan,  of  a  cyst  or  of  an  abscess  ( ?)  contain- 
ing milky  fluid.  The  urine  in  addition  to  showing  many  crystals  of 
hematoidin  also  contained  a  few  small  parasites  (not  determined) 
(Plate  17)    which  were  lifeless. 

Triple  Phosphates. — Crystalline  ammoniomagnesium  phos- 
phates are  to  be  found  in  feebly  acid  specimens  (see  Alkaline 
Sediments,  page  275). 

Solubility. ^Cr)slals  of  phosphates  arc  readily  soluble  in  acids. 

Basic  Phosphates  of  Magnesium. — Urines  found  to  be 
faintly  acid,  alkaline,  or  neutral  in  reaction  at  times  contain  this 
substance  in  crystalline  form, 
when  it  appears  as  highly 
refracting,  elongated  rhombic 
plates  resembling  somewhat 
the  envelops  of  calcium  oxalate, 
but  they  are  more  massive 
and  less  perfect.  Again  they 
are  seen  to  resemble  a  clover- 
leaf  in  form. 

Solubility.— They  are  dis- 
solved by  acetic  acid  and  may 
be  reprecipitatcd  on  the  addi- 
tion of  sodium  carbonate.  No 
special  clinical  value  is  at- 
tached to  iheir  presence. 

Hippuric  Acid. — This  sub- 
stance is  rarely  present  in 
human  urine,  and  is  said  to  follow  the  ingestion  of  cranberries 
or  ihc  administration  of  benzoic  add.  Its  crystals  are  colorless, 
four-sided  prisms,  soluble  in  both  hydrochloric  acid  and  ammonia. 

Cystin. — Urine  containing  cyslin  is  not  apt  to  be  decided  in 
reaction,  and  if  a  considerable  amount  be  present,  it  is  likely, 
on  standing,  to  emit  an  odor  of  sulphureted  hydrogen.  It  does 
nor  follow,  however,  that  such  urine  will  always  give  microscopic 
evidence  of  this  substance  in  its  precipitate.  The  addition  of 
acetic  acid  causes  cystin  to  be  thrown  out  of  solution,  and  appear 
in  the  form  of  colorless,  hexagonal  plates  with  clearly  defined 
margins  (Fig.  102). 

Solubility.— They  are  soluble  in  ammonia  and  hydrochloric 
acid,  bul  unaffccied  by  alcohol,  ether,  acetic  acid,  and  water. 

Clinical   Significance. — The    urine    contains    cystin    in     the 
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presence  of  vesical  calculi  fonned  from  this  substance,  and  cystin- 
uria  may  persist  after  the  removal  of  such  calculus. 

Xanthin. — ^This  substance  must  indeed  be  rare,  Purdy 
estimating  the  total  number  of  cases  reported  at  less  than  one 
dozen.  Morphologically,  crystals  of  xanthin  resemble  those  of 
uric  acid,  but  are  colorless.  A  noteworthy  fact,  however,  is  that 
colorless  crystals  of  uric  acid  may  be  seen.  Chemic  analysis 
is  therefore  necessary  to  decide  between  these  two  substances. 

Cholesterin. — Urine  containing  this  substance  is  feebly  acid, 
as  a  rule,  and  of  normal  color  or  slightly  turbid.  On  standing, 
the  precipitate  contains  the  characteristic  crystals  (Fig.  92),  and 
when  it  is  disturbed  by  shaking,  fine,  scale-like  flakes  are  seen  to 
float  in  the  liquid.  Under  the  microscope  these  crystals  appear 
as  thin,  translucent,  glassy  plates,  often  overlapping  one  another. 
Clinical  Significance. — Urine    containing    chyle,  and  where 

certain  cysts — hydatid  or  others- 
have  communicated  with  the  genito- 
urinary tract,  may  show  cholesterin. 
Acid  Ammonium  Urates.— 
Occasionally  we  find  cr\'stals  of 
ammonium  urates  in  acid  urine, 
but  in  such  instances  the  urine 
contains  an  unusually  large  amount 
of  amorphous  urates  or  other  sedi- 
ments common  to  acid  urine,  as 
oxalates.  When  urine  is  but  feebly 
acid,  and  during  the  change  from 

Fifi:.T03.-Acid  ammonium  urates  from    acid  tO  alkali, — the   rCSUlt  of   Stand- 
case  of    rheumatism    (obj.   Queen    one-     ;^^        *..^'       l     ^u  J      i_      *       * 

sixth).  mg, — typical  spheres  and  chestnut- 

burr  (thorn-apple)  crystals  may  be 
seen.  In  fresh  acid  urine,  urate  of  ammonia  appears  in  the  form 
of  spheres  from  which  project  one  or  more  spines,  often  parallel 
to  one  another,  with  sharp  or  blunt  points,  and  appear  to 
be  formed  from  a  coarsely  granular  substance  (Fig.  103  and 
Plate  18).  Many  of  these  crystals  unite  to  form  huge,  dark- 
brown  or  yellowish  masses,  showing  blunt,  spine-like  projections 
which  arc  seen  at  ditTercnt  points  of  focus.  Chains  formed 
of  from  three  to  five  perfect  spheres,  having  the  appearance  of  a 
se.i^^mented  block  with  rounded  ends,— by  far  the  most  common 
forms  of  crystals  of  acid  urates, — are  often  present  without  the 
above  forms.  Aixain,  there  are  bottle-shaped  crystals  which 
may  be  clustered  (Plate  iS),  and  less  often  rosets  composed  of 
four  or  more  spheres  are  seen;  but  true  dumb-bells  are  rare.  All 
the  above  forms  are  more  or  less  deeply  colored,  varying  from  a 
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light  yellow,  in  the  smaller  varieties,  to  yellowish  brown  in  the 
larger  forms. 

Clinical  Significance. — RJeder  reports  having  studied  these 
crystals  from  a  single  case.  1  have  observed  them  in  fresh 
acid  urines  on  four  occasions:  One  being  found  in  a  case  of 
rheumatism  treated  at  the  Pennsylvania  Hospital;  another,  with 
a  diagnosis  of  gout,  was  studied  through  the  courtesy  of  Dr. 
Henry  Cattell;  and  the  remaining  cases  gave  histories  of  rheu- 
matism and  were  observed  at  the  Philadelphia  Hospital,  one  suf- 
fering from  acute  alcoholic  delirium,  the  other  from  acute  mania. 
The  segmented  block  and  the  bottlc-cr>'stals  I  have  seen  in 
the  urine  of  tonsillitis  and  of  acute  articular  rheumatism. 


Acid  Urate  of  Sodium. — The  greater  portion  of  this  substance 
appears  in  the  urine  as  granular  debris,  but  crystals  may  also  be 
seen  (Fig.  104)  in  the  form  of  fine  needles  (Fig.  J05).  These 
needles  may  unite  to  form  imperfect  sheaves,  which,  when  broken 
into  halves,  have  the  appearance  of  an  opened  fan.  They  are 
originally  colorless,  but  may  be  colored  by  the  urinary  pigments, 
and  are  therefore  the  same  shade  as  the  urine  from  which  they 
are  precipitated.  Acid  urate  of  sodium  enters  into  the  formation 
of  sediments  containing  uric  acid. 

Solubility. — It  is  soluble  in  124  parts  of  boiling  water  and 
1150  parts  of  cold  water  (Purdy), 
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Amorphous  Deposits.— Urates.— This  variety  of  urates  is 
a  common  cause  of  the  highly  colored  turbidity  of  urine  from 
plethoric  and  febrile  conditions  (tonsillitis);  but  when  gentle  heat 
is  applied  such  turbidity  disappears.  Microscopically,  this  sub- 
stance appears  as  small  granules  arranged  in  masses,  which 
under  a  one-sixth  objective  present  a  slight  yellowish  tinge. 
Such  sediment  when  treated  with  acid  may  precipitate  rhombic 
plates  of  uric  acid. 

Calcium  Sulphate  and  Oxalate. — Both  of  these  substances 
may  appear  as  irregular  dumb-bells  accompanied  by  a  variable 
amount    of   amorphous    material.     Sulphates    are    insoluble    in 


Fiji.  105.— Cnst.ils  of  a  complex  urate  (?)  which  cr>'Stallized  on  cut  surface  of  a  ;joutv 
node  I  hat  liad  been  removed  from  a  lt>e  ;  obser\ed  at  Pennsylvania  Hospital  (obj.  Queen 
one-sixth), 

concentrated  hydrochloric  acid,  which  dissolves  the  oxalates. 
Oxalates  are  insoluble  in  acetic  acid. 

Fat. — Plighly  refractile  bodies  of  var\ung  size  are  always 
suggestive  of  oil-globules.  They  are  soluble  in  ether,  and  stain 
pink  or  red  when  treated  with  Sudan  III,  or  black  with  osmic  acid. 

Clhucal  Significance. — Fat  may  appear  in  the  urines  of  para- 
sitic chyluria,  ph()S])h()rus-p()isoning,  and  chronic  Bright's  disease 
with  faltv  flc2:cncration  of  the  heart. 

Dark  Bodies. — ^^any  dark  amor])hous  bodies  are  seen  in 
the  uriiH'S  of  jaundice,  hematuria,  and  fevers.  Such  findings 
have  been  described  under  their  respective  headings,  and  one 
must  rely  on  chemistr}'  to  determine  their  true  composition. 


INORGANIC  SEDIMENTS. 


375 


.  id6  .—Crystal  t  of  pbcisphal< 


Acid  Calcium  Urate. — This  is  a  rare  urinary  deposit  and 
appears  as  a  whitish  or  grayish  powder,  which  is  dissolved  with 
difficulty;  and  from 
which,  when  fused,  a 
white  residue  of  calcium 
carbonate  remains. 

Acid  Potassium 
Urate.  ^This  substance 
forms  part  of  the  amor- 
phous deposit  seen  in  1 
acid  urine.  It  is  more 
soluble  than  is  acid  cal- 
cium urate. 

Crystalline  Sedi- 
ments from  Alkaline 
Urine.  —  Triple  Phos- 
phates. —  This  sub- 
stance (crystalline  am- 
mo niomagnesium  and 
calcium)  when  crystal- 
lized from  urine  may 
assume  many  forms,  which  vary  with  the  degree  of  alkalinity  and 
whether  or  not  such  alkalinity  is  the  result  of  ammoniacal  fermen- 
tation. Most  constant 
are  the  coffin-lid  and 
building-stone  crystals 
(Fig.  106);  yet  many 
other  forms  are  seen, 
among  them  being 
the  clothes-pin  crj-slal 
(Fig.  106)  and  (he 
feather  crystal  (Fig. 
106),  which  at  times 
resembles  the  fin  of  a 
fish,  and  which,  when 
so  broken  as  to  permit 
a  view  of  the  ends 
of  the  fin's  ribs,  re- 
sembles a  number 
of  rounded  timbers 
standing  on  their  ends, 
for  which  reason  I 
have  presented  it  to 
my  students  as  the  "pile  crystal" — resembling  the  group  of  piles 
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which  project  from  the  end  of  a  wharf.  A  crystal  bearing  likfr 
ness  to  the  reel  used  by  fishermen  is  occasionally  seen;  as  are  also 
heavy,  step-hke  blocks  of  varying  sizes  (Fig,  106).  Square,  oblong, 
irregularly  jagged,  snow-flake,  and  leaf-like  forms  are  also  among 
the  findings. 

Solubility. — Acids  are  usually  destructive  to  triple  phosphate 
crystals  from  alkaline  urines. 

Clinical  Significance. — Flatulent  dyspepsia  may  cause  a  deposit 
of  calcium  phosphate  from  mixed  alkali.  Constipation  an<l 
certain  nervous  affections,  phosphatic  vesical  calculi,  and  cystitis 
contribute  toward  phosphaturia.  It  is  not  possible  to  estimate  Xtxe. 
amount  of  phosphates  from  microscopic  study  alone  (seepage  181:  3- 

Urate  of  Ammonium. — This  substance  is  commonly  cr]'sta.l- 
lized  from  urines  of  high  specific  gravity,  displaying  a  sedimeznt 


FiK.  inU.- 


thom^apple  f 


conlaining  calcium  phosphate  and  triple  phosphates  in  addition; 
while  urines  of  lower  density  are  apt  to  precipitate  iheir  urates  in 
the  form  of  uric  acid;  however,  ammonium-uratc  crj-stals  may 
be  present  in  urine  of  low  specific  gra\ity. 

The  most  const.-int  cn-stal  of  this  substance  is  a  small,  yellowish 
bro«Ti  sphere.  These  spheres  arc  seen  singly  or  in  groups  of  four 
to  six,  when  they  form  a  crude  roset.  Smaller  spheres  occur 
in  pairs  connected  by  an  isthmus  (dumb-bell);  large  spheres 
showing  one  or  more  small  spines  projecting  from  their  surfaces 
(chestnut -burr  or  thorn-apple)   are  also  seen.      These  spicules 
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may  be  straight  or  slightly  curved  {Fig.  io8),  and  rarely  are  they 
seen  apart  from  spheres.  Crystals  of  ammonium  urate  are  dis- 
tinguishable from  those  of  uric  acid,  acid  urate  of  ammonium, 
and  sodium  urate  by  the  fact  that  they  are  the  only  urate  crystals 
found  in  alkaline  urine. 

Solubility. — They  are  dissolved  by  phosphoric  and  acetic  acids, 
after  which  they  may  precipitate  as  rhombic  plates  of  uric  acid. 

Indigo. — It  is  common  for  indigo  to  appear  in  the  urine 
as  amorphous  debris,  and  needle-like  cr>'sta!s  showing  a  bluish 
tint  are  occasionally  seen.  They  are  formed  probably  from 
indoxyl  sulphate  during  the  process  of  decomposition.  Crystals 
of  indigo  may  be  found  in  either  acid  or  alkaline  urines,  and  in 


Fi(.  109.— CrYUali  of 


irboiute  (ob(.  Spencer  «w-clnh). 


fonn  varying  from  that  of  needles  to  oblongs  and  squares;  their 
shape  being  modified  by  the  crystals  or  debris  upon  which  they 
are  collected. 

Clinical  Significance, — Indigo  when  found  in  the  urine  is  a. 
symptom  of  cholera,  empyema,  naiplasm,  conditions  favoring 
intestinal  putrefaction,  constipation,  peritonitis,  tabes  dorsalis, 
jaundice,  and  general  cachexia. 

Amorphous  Alkaline  Deposits.— Carbonate  of  lime  occurs 
in  the  urine  in  coarse  granules  and  as  cnloriess  dumb-belLs  (Fig. 
loq)  and  evolves  gas  when  dissolved  in  acetic  acid.  Carbonates  of 
alkaline  eanhs  are  dissolved  without  the  evolution  of  gas. 

Basic  phosphatic  earths   occur  as  large  and  small  granular 
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bodies,  which,  when  treated  with  acetic  acid,  generate  gas  during 
their  dissolution. 

Urinary  concretions  are  often  apparent  to  ihe  naked  eye, 
and  may  consist  of  uric  acid,  phosphates,  cystin,  oxalates,  xanthin, 
carbonates,  and  cholcsterin.  These  will  be  discussed  under  their 
respective  heads. 

ORGANIC  SEDIMENTS. 

Leukocytes. — A  few  isolated  leukocytes  are  present  in  normal 
urine,  but  when  present  in  large  numbers  they  arc  of  pathologic 
origin.  They  are  often  increased  after  the  worship  of  Venus  and 
Bacchus,  though  in  such  urines  they  are  well  preserved  and  pre- 
sent clear  nuclei  and  their  usual  smooth  and  glossy  appearance. 
Leukocytes  when  present  in  alkaline  urine  soon  become 
lusterless,  swollen,  and  their  nuclei  become  indistinct.  By 
placing  a  drop  of  acetic  acid  at  the  margin  of  the  cover-glass  and 
watching  the  specimen  closely  through  the  microscope,  it  will  be 
seen  that  all  cells  coming  in  contact  with  the  add  at  once  display 
more  clearly  their  nuclei.  Add  a  drop  of  iodopotassic-iodid 
solution  in  place  of  the  acid,  and  the  leukocytes  stain  a  faint 
mahogany  shade  which  serves  to  distinguish  them  from  epithelia, 
which  stain  yellow.  Pus-cells,  when  treated  with  liquor  polassa, 
show  a  tendency  to  swell  and  coalesce,  their  nuclei  being  seen  with 
difficulty. 

Clinical  Significance. — The  leukocytes  of  the  urine  may  be 
derived  from  any  portion  of  the  urinary  tract  through  conges- 
tion, or  from  abscesses  of  adjacent  structures  rupturing  into  the 
urinary  channel.  It  is  the  rule  that  when  a  limited  number  of 
pus-cclls  arc  found  equally  distributed  through  the  urine,  they 
are  of  renal  origin  (pelvic) ;  while  a  large  or  small  amount  of  pus, 
not  thus  disseminated  throughout  the  urine  and  found  in  con- 
nection with  large  epithelial  cells,  may  be  regarded  as  being  of 
cystic  origin. 

Pus.— The  pus  of  purulent  catarrh  of  the  bladder  and  of  acute 
urethritis  (gonorrhea)  forms  a  hcaw  viscid  sediment,  and  the  cellu- 
lar elements  are  commonly  much  distorted. 

Pus-cclls  occur  in  the  urine  in  case  of  inflammation  of  the 
ureters  and  in  pyelitis,  but  here  the  sediment  is  less  marked  (Fig. 
I  lo)  and  often  has  a  light,  flocculenl  appearance,  while  thai  from  the 
bladder  is  ropy  and  not  readily  broken  into  flocculi  by  shaking.  Pus 
from  abscesses  may  resemble  that  of  cystitis  except  for  the  par- 
ticles of  fatty  matter  seen  in  occasional  cells.  It  is  to  be  remem- 
bered that  in  renal  disease  often  but  few  leukocjles  are  to  be  ob- 
served, and  that  in  women  they  may  be  of  vaginal  origin.  To 
determine  the  source  of  the  pus  in  the  urine  is  of  the  greatest 
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ci'nical  value,  and  may  at  times  be  done  with  a  certain  degree  of 
accuracy,  the  exceptions  being  no  less  numerous  than  the  rule. 
Catheterization  of  the  ureters  has  been  proved  of  service  in  my 
cxp^crience. 

^pithelia. — ^The  deposit  which  forms  in  normal  urine  contains 
^  f^w  epithelial  cells,  most  of  which  are  of  the  squamous  variety, 
y^t:  smaller  forms  may  be  present,  since  desquamated  epithelium 
*s     a  product  of  all  mucous  surfaces. 

Clinical  Significance. — Both  polygonal  and  round  uninuclear 
<^^lJs  are  derived  from  the  prepuce,  meatus,  and  vagina;  while 


Fig.  no.— Urinar>*  sediment  from  case  of  pyelitis :    i,  Epithelial  cells,  probably  from  pelvis  of 
kidney;  2,  large  pus-cells;  3,  small  pus-cells  (obj.  Spencer  one-sixth). 

epithelial  cells  from  the  bladder  are  usually  flat,  irregularly  round 
or  angular,  the  nucleus  located  nearly  central,  and  is  seen  without 
staining  (Fig.  iii).  The  epithelial  cells  from  the  ureters  and 
renal  pelvis  are,  as  a  rule,  of  medium  size  and  often  display  a 
caudal  projection  (Fig.  111,2).  Marked  difference  is  observed  be- 
tween epithelial  cells  from  the  superficial  and  deeper  layers  covering 
any  mucous  surfaces.  Small  cells,  and  also  those  showing  tail-like 
projections,  were  formerly  regarded  as  coming  from  the  kidneys 
or  renal  pelvis,  but  careful  study  has  shown  that  cells  identical 
in  every  respect  may  originate  from  the  deeper  layers  covering 
the  vesical  mucosa. 

When  urinary  sediment  contains  a  large  number  of  epithelial 
cells  characteristic  of  any  portion  of  the  urinary  tract,  it  may  be 
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inferred  thai  there  is  an  inflammatory  process  affecting  sucH 
sections.  Where  cancer  affects  these  parts,  clusters  and  ncsls  o£ 
epithelial  cells  appear  in  the  urine.  Many  caudate  cells  art; 
significant  of  pyelitis,  although  such  cells  may  be  the  product  of 
cystitis.  In  a  sediment  containing  many  small  epithelial  cclL^ 
resembling  pus-cells  (sec  Pus,  page  278),  where  the  urine  contain^ 
albumin,  or  following  infectious  fevers  (scarlatina),  one  mafc-" 
safely  regard  such  cells  as  of  renal  origin.  Casts  often  contain^ 
and  may  often  be  found  largely  composed  of,  these  cells  (se(3- 
Epillielial  Casts,  page  288). 

Disease  may  alter  the  general  feature  of  the  epithelium,  and 
while  epithelium  from  the  kidney  is  fairly  common,  the  prescnce- 
of  such  cells  in  the  urine  may  not  bear  a  direct  relation  to  the- 


dfgriv  of  pathologic  condition  present,  I  have  been  privilegi-d 
t"  follow  lo  :iuioj)sy  many  cases  of  nephritis,  and  of  amyloid 
kidni'v,  and  havi-  found  that  the  number  and  character  of  the 
qiitlu'lial  tells  pri-seni  in  the  urine  did  not  bear  a  direct  relation 
to  the  lesion  proseni,  and  at  times  their  number  may  bear  in- 
verse j)roponi(in  lo  the  apparent  damage  of  the  kidney's 
structure.  ThL-y  wiTe  commonly  present  singly  and  in  clusters 
(three  to  six  cells  each)  in  cases  of  toxic  nephritis  (acute  yellow 
airophyi.  ("ells  showing  fatty  and  amyloid  change  i»oint  wiih  a 
variable  ilegree  of  certainty  to  similar  changes  in  the  kidney's 
structure,  yet  by  no  means  is  this  finding  constant  or  even  common 
at  postmnniTii. 

Our  [ircsL-nl  kniiwledge  in  nn  w;iy  warrants  the  determination 
of  the  iiriijin  of  any  given  epithelial  cell  present  in  the  urine; 
bill  in  connection  with  the  clinical  features  of  a  given  case  such 
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deductions  may  be  drawn  with  safety  (see  Epithelial  Casls,  page 
28S). 

Blood  (HematuriaK — Red  blood-eells  ap[»car  in  the  urine  as  a 
result  of  pathologic  changes,  either  in  a  portion  of  the  urinar>'  tract 
or  in  the  blood  itself  (see  Malaria,  Filaria  Sanguinis  Homin'is,  and 
Disloma,  pages  153,  147,  147).  Blood- corpuscles  varj'  in  their 
general  characteristics  (see  Erythrocytes,  page  81),  depending  on 
the  portion  of  the  urinary  tract  from  which  they  are  derived,  and 
the  reaction  and  consistence  of  the  urine  in  which  they  are  found 
(see  Osmotic  Tension,  page  73).  Blood- corpuscles  derived  from 
the  kidne>'s  rarely  increase  the  specific  gravity,  are  equally  distri- 
buted throughout  the  urine,  never  form  rouleaux,  and  retain  their 
form  well  if  the  urine  be  acid;  but  in  alkaline  urine  they  become 
swollen,  showing  slight  color,  and,  should  the  urine  be  diluted,  ap- 
pear as  mere  rings.  They  present  deep  color  and  thickening 
where  the  urine  is  concentrated.  Corpuscles  derived  from  the 
renal  pelvis  display  these  peculiarities  to  a  lesser  degree. 

Clinical  Significance. — Blood  from  any  portion  of  the  uri- 
nary tract  causes  a  change  in  both  the  color  and  sediment  of 
the  urine,  bearing  a  direct  ratio  to  the  quantity  of  this  tissue 
present.  It  causes  a  dark-red  color  in  acid  urine  and  a  bright- 
red  hue  where  the  urine  is  alkaline.  Blood  derived  from  the 
renal  substance  and  pebis  lends  to  the  urine  a  general  cloud  or 
tint,  while  that  from  the  urelhra,  bbdder,  and  other  portions  of 
the  urinary  tract  is  not  found  to  be  equally  diffused  throughout  the 
urine,  and  it  forms  a  heavy  sediment,  clols  readily,  or  may  even  be 
voided  in  clols. 

Hematuria  may  resuh  in  ihe  course  of  severe  anemia  (leukemia) 
or  of  certain  infectious  fevers,  either  as  the  result  of  renal  congestion 
or  of  an  altered  condition  of  the  blood  itself  (malarial  hematuria). 
It  may  develop  as  the  result  of  acute  nephritis,  renal  abscess, 
tuberculosis,  calculi,  pyelitis,  cv-stitis,  urethritis,  trauma,  and  a 
complication  in  cardiac  and  hepatic  conditions.  Tropic  hema- 
turia may  be  produced  either  by  the  distoma  (page  147)  or  by  the 
filaria  (page  147). 

Olhct  Hniinil  panuiles  e«p«Ue  of  causing  hloody  urine  arc  :  T.  cthinocorcus, 
Oifuri)  *eraucularii.  ucaridet,  Rhitidilis  ErniolU,  Trii;hocEph*tui.  Auguillula 
■e«i.  and  the  amrba  (pag«  191-300).  Infection  of  (he  grnito-urinair  Wncl  by 
the  various  vegetable  parasites  (fungi  and  t>acteria|  may  often  induce  hrroaiuria 
(pages  jso-joj). 

Sloughinp  niurcius  suriares  located  along  the  urinary  tract,  urethral  stricture 
and  inflammation  arc  among  the  rarer  <ausc«. 

\Vlien  taken  into  the  system,  drugs  may  induce  hematuria. 
The  urine  may  display  peculiarities,  such  as  odor,  color,  or  chemlc 
changes,  all  of  which  are  equally  suggestive  of  the  cause. 
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CASTS  (TUBE-CASTS;  RENAL  CASTS). 

History  Note. — The  prcsfnce  of  rt-nal  casts  in  the  urine  was 
first  described  by  Vigla*;  and  Henlet  called  allention  to  their 
presfocc  in  the  urine  of  persons  suffering  from  dropsy. 

FonnatiOQ. — Different  theories  have  been  offered  as  to  the 
method  of  their  production;  but  the  one  generally  accepted  is  that 
coagulable  elements  of  the  blood  enter  the  urinary  tubules  as  a 
result  of  pathologic  changes  (irritation),  and  there  serve  as  a  base- 
ment Uning  of  the  tubule,  forming  a  favorable  lodging-place  for 
all  granular  material  that  may  enter  the  tubule  either  at  its  union 
with  the  Malpighian  body  or  that  may  exude  from  the  tubule's 
wall,  or  from  the  structural  lining  of  the  tubule  itself.  Thus  a 
cast  may  displace  different  cellular  elements,  suggestive  of  the 
changes  taking  place  in  the  tubule  of  which  it  is  a  mold. 

Composition.— The  substance  forming  the  basement  or 
primary  mold  of  casts  is  closely  allied  to  proteids,  but  its  true 
nature  is  not  known.  Knoll,  after  careful  study  of  the  chemistry 
of  casts,  concludes  that  their  composition  is  not  identical  with 
any  known  proteid,  though  waxy  casts  at  times  give  reactions 
known  to  albuminates.  In  hyaline  casts  this  substance  is  freely 
soluble  in  dilute  mineral  acids. 

Clinical  Significance. — Our  present  knowledge  regarding 
the  chnical  significance  of  urinary  casts  is  such  as  to  render  this 
subject  one  of  great  interest.  Casts  are  commonly  found  in 
urines  that  appear  normal  in  other  respects  and  when  albumin 
is  not  present;  but  such  urines  are  usually  voided  after  rest 
or  sleep.  .\  specimen  collected  after  exercise,  or  two  hours 
after  a  full  meal,  etc.,  will,  as  a  rule,  show  albumin  in  ad- 
dition. In  all  such  cases  under  personal  observation,  in  which 
a  more  careful  investigation  was  conducted  and  specimens  col- 
lected at  different  hours  of  the  day,  albumin  was  alwa^'s  detected, 
though  often  in  small  amounts.  The  more  closely  we  study  this 
class  of  c;»scs,  the  more  we  arc  inclined  to  regard  them  as  related, 
at  least,  to  true  nephritis,  which,  if  not  present,  will  develop  later. 
The  finding  of  casts  in  ihc  urine  may  be  regarded  as  pathologic  and 
significant  of  nephritis  when  the  slightest  trace  of  albumin  is 
detected  two  houre  after  an  evening  meal,  the  day  having  been 
spent  in  taking  a  reasonable  amount  of  exercise. 

Classification. — For  clinical  study  renal  casts  may  be  classi- 
fied as  follows:  unorganized  and  organized. 

Unoi^anizeH   casts  are  formed  of  cn'stalline  or  amorphous 
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substances;  and  are  composed  of  urates  in  gouty  individuab  and 
in  case  of  renal  congestion.  Casts  of  bematoidin  crystals  have 
been  seen. 

Organized  casts  are  composed  largely  of  cellular  elements  or 
their  products,  and  may  be  classified  according  to  their  composi- 
tion, frequency  of  occurrence,  and  method  of  production: 

1.  Hyaline  casts,  which  appear  as  thin,  pale  molds  of  the  renal 
tubules. 

2.  Granular  casts,  by  far  the  most  common,  are  composed 
largely  of  degenerated  cellular  elements  and  granular  debris.  Amy- 
loid, fatly,  pus,  and  blood-casts  are  subdivisions  of  this  variety. 

3.  Casts  consisting  largely  of  red  blood-cells,  epithelial  cells, 
leukocytes,  or  bacteria. 

4.  Composite  casts,  where  the  larger  portion  is  hyaline,  but 
shows  at  certain  sections  granulations  due  either  to  cellular  ele- 
ments or  to  crystals. 

5.  False  casts  (cylindroids),  which  resemble  in  certain  respects 
hyaline  casts  but  display  distinctive  features  not  known  to  casts. 

The  size  and  form  of  casts  arc  best  shown  by  the  accompany- 
ing figures  and  plate  (Figs.  112-120  and  Plate  19),  which  demon- 
strate their  marked  variations  and  general  characteristics.  This 
variation  is  at  times  so  marked  as  to  cause  those  most  skilled  in 
their  recognition  to  question  the  true  nature  of  many  bodies 
found  in  urinary  sediment.  Abnormally  large  casts  often  lake 
the  form  of  the  tortuous  tubules,  while  on  the  other  hand  narrow 
casts  may  be  perfectly  straight  and  of  moderate  length.  Age  has 
no  influence  upon  the  size  of  casts,  as  shown  by  Fig.  1:5,  from 
the  urine  of  a  child  (girt)  four  years  old,  under  the  care  of  Dr.  J. 
Allison  Scott,  and  observed  during  my  service  at  the  Pennsylvania 
Hospital. 

Staming  of  Casts. — Casts  are  stained  by  bile  when  present  in 
biliary  urine.  lodin  added  to  the  urine  stains  the  casts  feebly 
but  stains  the  other  elements  more  markedly  and  thus  renders 
them  (casts)  conspicuous;  and  a  similar  effect  results  from  anilin 
dyes. 

Urate  Casts. — This  variety  of  casts  (Fig.  112)  is  commonly 
met  with  in  general  uranalysis.  They  appear  to  be  composed  of 
amorphous  urates.  .\t  limes  they  closely  resemble  organic  granu- 
lar casts,  in  which  case  an  absence  of  urates  suffices  for  differenti- 
ation. Rarely  are  organic  casts  seen  in  the  same  urine  with  weak 
casts.  When  urate  casts  meet  they  show  a  tendency  to  coalesce, 
forming  an  unorganized  mass — a  condition  not  obser\'cd  if  the 
casts  be  composed  of  organic  substances. 

Their  presence  in  the  urine  is  probably  suggestive  of  renal  con- 
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gestion.  The  author  has  found  them  common  in  cases  of  ple- 
thora, rheumatism,  and  lonsiUilis.  Two  women  of  middle  life, 
nnw  under  observation,  develop  periodic  attacks  of  tonsillitis,  at 
which  lime  their  urines  contain  many  such  casts.  Between  these 
attacks  the  urine  is  normal.  Urine  containing  such  casts  develops 
a  heavy  sediment  on  standing  and  may  present  a  cloud  even  when 
voided  {see  Transparency,  page  171). 

Casts  composed  largely  of  hematoidin  crj'stals  have  been  ob- 
served by  various  writers. 

Hyaline  Casts. — There  is  a  diversity  of  opinion  as  to  the 
method  whereby  this  primarj-  variety  of  casts  is  produced,  some 
regarding  their  formation  as  due  to  a  special  product  secreted  by 
the  renal  epithelium,  while  others  contend  that  they  are  formed 
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from  albumin  or  its  derivatives,  which  escapes  into  the  renal 
tubules. 

Hyaline  casts  appear  in  the  urine  in  variable  numbers  and  are 
of  indefinite  proportions.  Wide  variations  exist  as  regards  the 
diameter  of  these  bodies,  and  ihey  may  var>'  in  length  from  one- 
fourth  to  several  times  the  diameter  of  a  microscopic  field;  their 
outline  is  faint  and  seen  with  difficulty,  and  one  extremity  occa- 
sionally presents  a  twisted  appearance  or  shows  sUght  tapering. 
The  surface  is  finely  granular  and  displays  not  infrequently  epi- 
thelial cells,  leukocytes,  or  crystals  (Fig.  113).  Casts  of  similar 
composition,  but  larger,  are  obser\'ed  in  puerperal  eclampsia 
(Plate  19). 

Detection. — Hyaline  casts  are  most  difficult  of  detection  and 
I  are  seen  only  when  the  most  skilled  technic  is  employed  in  adjust- 
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iiig  the  mirror  and  diaphragm.  The  interposing  of  a  colored  glass 
between  the  mirror  and  the  condenser  of  the  microscope  is  of  ser- 
vice. They  may  appear  quite  distinct  under  a  low-power  objective 
(two-thirds),  but  at  the  same  time  it  is  difficult  to  see  them  when 
highly  magnified.  Staining  is  often  recommended,  but  in  my  ' 
experience  this  method  of  study  has  proved  valueless. 

Clinical  Significance. — Various  writers  claim  to  have  found 
hyaline  casts  in  the  urine  from  perfectly  healthy  persons,  and 
in  cases  where  postmortem  disclosed  a  healthy  condition  of  the 
kidneys.  I  wish  to  add  my  experience  to  that  of  Leube  and  Purdy  * 
in  that  urine  containing  hyaline  casts  contains  albumin  or  has  re- 
cently contained  this  body,  even  though  in  small  amounts.  Study 
of  a  series  of  similar  cases  at  the  Howard  and  Philadelphia  Hospi- 
tab  resulted  in  the  detection  of  albumin,  at  some  period,  when  it 
was  possible  to  follow  the  cases  and  make  examinations  at  inter- 
vab  of  days  or  even  weeks,  and  of 
urines  collected  at  different  hours  of 
the  day,  after  exercise,  a  full  meal, 
etc.  This  variety  of  cast  is  most 
commonly  found  in  chronic  neph- 
ritis of  the  interstitial  type;  it  occurs 
also  in  other  forms  of  chronic  and 
less  often  in  acute  nephritis,  catar- 
rhal jaundice,  cancer  of  the  liver, 
stomach,  or  intestine,  and  in  condi- 
tions coupled  with  anemia.  At  time* 
casts  are  stained,  due  to  the  [>resence 
of  bile-pigments  in  the  urine  (Plate 
ig).  Hyaline  casts  are  not  uncom- 
mon during  the  latter  months  of 
gestation  and  in  puerperal  eclampsia  (Plate  19).  The  urine 
may  contain  hyaline  casts  for  many  years  (Fig.  1 14)  (ten  to  thirty) 
without  pronounced  albuminuria  or  appreciable  discomfort  to  the 
patient. 

Granular  Casts. — This  variety  comprises  by  far  the  greater 
portion  of  all  renal  casts,  since  epithelia,  pus,  leukocytes,  and  blood- 
casts  are  subdivisions  of  this  class.  Granular  casts  are  largely 
composed  of  the  products  of  pathologic  changes  which  have  be- 
come disorganized  while  in  the  uriniferous  tubules.  They  are 
seen  to  vary  greatly  in  size  and  general  characteristics,  depending 
upon  the  nature  of  the  existing  renal  lesion,  the  time  they  have 
remained  in  the  renal  tubules,  and  the  degree  of  acidity  of  the  urine 
in  which  they  are  found,  alkaline  urine  causing  them  to  disinte- 
grate. 

•  "Zdt.  i.  klin.  Med.,"  1887,  vol.  liU,  p.  7. 


3.  B.  J.,  agp  isvpniy-two,  female,  suffering  from  puerperaJ  erlampsin.  L'rine 
showing  targe,  fiaely  granulax  casta  (original)  (obj.  Queen  one-sixlh;   eye-piei-c  i). 

3.  S.  A.,  agr  &lty-eighl,  male.  Urine  showing  granular  and  fally  casts;  post- 
morlcm  shoviwi  chronic  parenchymatous  nephritis  (original)  (obj.  Queen  one- 
sixlh;  eye-piece  4.) 

4.  J.  D.,  age  fifty-four,  mate,  suffering  from  cancer  of  the  common  duct  and 
head  of  the  pancreas.  I'rinc  showed  bile-slnined  rasis  (originnl)  (obj.  Queen 
one-sixth;  eye-piece 4). 

5.  A.  G..  age  fifteen,  male,  suffering  from  acute  nephritis.  I'rine  showed 
granular  casts  (original)  (obj.  Queen  one-sixth;  pye-piece  j). 

6.  C.  A.,  age  nine,  male.  .SrnrlaO'nal  nephritis,  Ihitd  week  o(  coimakKwice. 
Vrine  showed  granular  casts  (original)  (obj.  Queen  one-sUvVi;  e^e-^ivcra  i^. 
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Granular  casts  prcseni  in  common  certain  features  (Plate  ig): 
Either  one  or  both  extremities  is  seen  10  have  been  broken  abruptly 
or  obliquely,  often  causing  a  concave  or  zigzag  fracture;  or  one 
extremity  may  taper  slightly.  Their  lateral  boundaries  appear 
as  slighlly  irregular,  elevated  borders  which  vary  according 
to  the  variety  of  granulation  prescnied  by  each  cast.  Such  casts 
differ  in  their  constitution:  at  times  their  granules  are  coarse  and 
dark,  and  again  so  fine  and  pale  as  to  be  seen  only  through  a 
one-si-xth  objective.  The  latter  may  show  fine  crystals,  epithelial 
cells,  leukocytes,  fat-globules,  or  cnstals  of  fatty  acids  on  their 
surfaces  (Plate  19).  In  color,  granular  casts  extend  through 
the  successive  shades  varying  from  a  faint  yellow  to  a  reddish 
brown  or  a  bluish  yellow. 

Clinical  Significance. — It  is 
the  rule  thai  highly  granular 
casts  are  short,  thick,  and  com- 
monly found  in  connection  with 
acute  renal  inflammation;  yet 
the  exceptions  are  many. 
Large  finely  granular  casts  are 
observed  in  puerperal  eclamp- 
^a  and  chronic  parenchymat- 
ous nephritis;  while  the  narrow 
variety  is  suggestive  of  chronic 
interstitial  disease.  The  variety 
of  granular  casts  present  in  the 
urine  offers  valuable  aid  in  de- 
lermining  the  e.iact  nature  of 
the  renal  condition  present,  ^wh")'"'  "'  "'"•"""'  i""i  =»~"™  --^ 
except    where   the  patient    be 

suffering  from  an  acute  exacerbation,  relative  to  some  form  of 
chronic  nephritis,  in  which  case  the  casts  signify  acute  nephritis. 

Blood-casts. — Generally  speaking,  blood-casts  are  short,  of 
uniform  diameter,  and  their  margins  distinct.  When  formed  of 
a  small  quantity  of  blood-cells,  they  are  light  in  color  and 
each  o>rpuscle  may  be  outlined  by  careful  focus,  but  where 
the  renal  hemorrhage  has  been  sufficient  completely  to  fill  the 
tubule  and  to  form  a  mold  purely  of  compressed  red  cells,  they 
are  dark  in  color  and  of  varying  sizes  (Fig.  115).  Blood-casis  are 
not  destroyed  in  evaporating  the  sediment  of  the  urine  to  dryness, 
and  can,  therefore,  lie  mounted  in  Canada  balsam. 

Caution. — In  urine  containing  a  targe  amount  of  blood  the 

thickest  of  its  sediment  should  not  be  taken  for  microscopic  study, 

las  blood-casts  arc  more  easily  found  in  the  sediment  obtained 
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from  the  supernatant  [mrtion  of   the  frcsli   urine  -which  renders 
centrifugation  of  such  urines  necessary. 

Clinical  Significance,— Blood-casts  are  indicalive  of  renal 
hemorrhage,  but  do  ucil  imply  that  permanent  structural  change 
has  taken  place  in  these  organs.  They  arc  a  rather  common 
feature  of  the  urine  of  acute  traumatic  and  of  toxic  nephritis. 
Figure  125  illustrates  blood-casts  from  a  case  of  hydatid  of  the 
kidney  studied  at  the  Philadelphia  Hospital.* 

Epithelial  Casts.— The  cliaraclerislic  feature  of  this  variety 
of  casts  is  that  they  are  formed  entirely,  or  in  part,  of  epithelial 
cells  from  the  lining  surfaces  of  the  renal  tubules.  They  are  of 
moderate  size,  highly  refractive,  and  often  so  broken  as  to  allovr 
a  portion  of  an  epitheUal  cell  to  extend  beyond  the  extremity  {Fig. 
116);  the  margins  are  irregular,  and  their  surface  may  present 
a  few  epithelial  cells  scattered 
throughout,  or  an  aggregation  of 
such  cells  at  any  point,  while  the 
remaining  surface  appears  finely 
granular  or  rarely  hyaline.  Casts 
may  be  seen  when  a  row  of  epithe- 
lial cells  surrounds  them  in  a  spiral- 
like  manner,  giving  the  appearance 
of  the  thread  of  a  boh  (Fig,  116}; 
again,  the  free  surface  may  be  en- 
tirely covered  with  epithelial  cells, 
which  may  be  granular,  swollen,  and 
indistinct,  presenting  rather  poorly 
defined  margins  (Figs.  118,  119). 
Clinical  Significance.  —  Epithe- 
lial cells  containing  fat-droplets,  and  showing  marked  evidence 
of  degeneration,  arc  to  be  seen  and  are  fairly  suggestive  of  the 
presence  of  a  similar  condition  in  the  kidney  structure. 

The  finding  of  epithelial  casts  in  the  urine  furnishes  conclusive 
evidence  of  an  inllammatory  process  in  the  kidneys  which  is  of 
sufficient  severity  to  destroy  the  epithelial  lining  of  the  urinary 
tubules.  It  is  a  common  feature  of  the  exanthemata  (scarlet 
fever),  but  does  not  of  necessity  imply  that  the  kidneys  are  per- 
manently damaged. 

Pus-cells. — It  is  common  to  see  granular,  amyloid,  and  hyaline 
casts  upon  the  surface  of  which  a  few  leukocytes  are  clinging; 
and  casts  composed  of  pus- corpuscles  have  been  described 
by  Johnson,  and  observed  by  the  author  in  a  single  instance — a 
case  studied  through  the  courtesy  of  the  late  Dr.  H.  E,  Gruel 
•"Amcr.  Med.,"  Jan.  3,  1903. 
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(Fig,  117},  where  ihe  sediment  was  more  flocculeni  and  lighter  in 
color  than  is  that  resulting  from  pus  of  vesical  origin. 

Clinical  Significance. — Dr.  Gruel's  patient  died  of  uremia 
within  a  few  hours  after  the  specimen  was  collected,  and  no 
autopsy  was  pcrmilted. 

Fatty  Acids. — Casts  showing  scattered  globules  of  fat  on  their 
surfaces  are  rather  frequent  findings,  and  occur  in  connection  with 
the  amyloid  and  hyaline  varieties  found  in  subacute  and  chronic 
nephritis.  Aggregations  u£  fatty  matter  may  present  ncedle-likc 
crystals  (Plate  19)  which  doubtless  have  their  origin  in  the  degen- 
erated renal  cpithelia.  Casts  composed  exclusively  of  fatly  sub- 
stance arc  less  common  and  suggest  renal  disease  of  a  chronic 
t^-pe;  yet  it  docs  not  follow  that  the  kidneys  always  show  a  similar 


change  at  postmortem.  The 
nephritis  not  infrequently  con- 
tains falty  casts,  which  when 
.  composed  largely  of  fatty  mat- 
ter are  highly  refractive,  short, 
with  rounded  ends,  and  rather 
irregular  margins,  while  their 
surfaces  are  studded  with  oil- 
droplets.  Fatty  casis  ai  times 
contain  epithelial  cells. 

Distinctive  Features. — 
Fatty  casts  are  readily  distin- 
guished by  alloTpving  a  drop  of 
Sudan  III  (70  per  cent,  al- 
cohol saturated)  or  a  drop  of 
osmic  acid  to  fall  at  the  margin 
of  the  cover-glass,  when  the 
cover  is  so  moved  as  to  per- 
mit the  slain  to  flow  beneath  it. 


ine  of  phthisis  and  of  chronic 


The  former  of  these  preparations 


I  stains  pink  with  fats;  the  latter,  black. 
Amyloid  Casts  (Waxy  Casls). — This  form  of  cast  is  distin- 
guished by  its  large  size  and  peculiar  starch  reaction.  The  casls 
arc  refractive  bodies,  often  tape- worm- like  in  outline,  broad,  rarying 
from  a  pale  yellow  to  a  yellowish- brown  color,  and  their  outline  at 
times  raised.  Again  this  outline  may  be  difficult  of  detection  (Ftg. 
1  ig).  Amyloid  casts  present  a  greater  diameter  than  do  other  ^-ari- 
etics,  and  are  often  of  extreme  length  ( Figs.  11 8, 1 1  q ) ;  yet  specimens 
may  be  seen  whose  length  does  not  exceed  the  diameter.  On  their 
surface  arc  found  leukoc>les,  er\lhrocytes,  epithehal  cells.  cr>'slals, 
droplets  of  oil,  and  granular  debris.  They  may  give  amyloid  reac- 
tion when  treated  with  iodopotassic  iodid  or  with  methylene- 
.^ 
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violet  solution,  which  changes  amyloid  substances  to  a  blue  or  a 
mahogany  color  respectively;  yet  this  reaction  may  be  absent  when 
the  kidneys  are  amyloid,  and  present  in  casts  where  no  such 
changes  are  found  in  the  kidneys  at  postmortem.  The  exact 
composition  of  amyloid  casts  remains  moot. 

Clinical  Significance. — The  presence  of  hyaline  casts  in  the 
urine  is  diagnostic  of  chronic  inflammatory  changes  in  the  kidneys, 
ahhough  they  may  occur  in  acute  nephritis,  phthisis,  amyloid 
disease,  and  in  septic  processes,  of  both  acute  and  chronic  nature. 
The  darker  variety  of  casts  I  have  found  in  the  urine  of  puerperal 
sepsis  and  of  sepsis  following  operations.    The  paler  forms  have 


Fijj.  iifi.— Showiii;:  epithelial  .iiulamy- 
Ioi»i  ca"<ts.  pMiiriil  a  ttriutk*.  a^i-d  fi>rty- 
l\vi>  yt-ais.  Mit]«.riiixj  from  scplicopycinia 
with  anuloxi  ki<lrM-y  («)bj.  yucen  une- 
sixlh  ;  cyc-|)ic«  e  _»/. 


Fig.  no. — l^rifo  amyloid  cast  roiitainniff 
three  renal  epithelial  eells  up^.m  its  suriaiv. 
Two  «ihort  h\aline  ca^ts :  cluster  ot  rtn.il 
epithelium  ;  and  few  leukocytes  i.obj.  B.  and  \.. 
(ine-hixth). 


but-n  observed  (Plate  19)  in  the  urine  of  puerperal  eclampsia.* 
They  are  also  a  feature  of  chronic  ne])hritis. 

Cylindroids. — These  bodies  were  detected  in  the  urine  from 
scarlet- fevt-r  ])alients  by  Thomas.f  They  appear  as  ribbon-like 
bodies,  rather  lusterless,  and  drawn  to  a  fme  point  at  one  extremity 
(Fig.  120).  Their  surface  is  commonly  free  from  granular  debris, 
but  may  show  fine  lines  extending  parallel  to  their  lateral  border?, 
as  well  as  transverse  elevations  giving  to  the  cylindroid  the 
appearance  of  a   twisted  tape. 

Clinical  Significance. — Cylindroids  are  found  in  the  urine 
of  persons  sutTering  from  renal  congestion,  nephritis,  pyelitis,  and 
cystitis.     They  may  be  found  in  urine  containing  an  excess  of 

♦♦'IMiila.  Med.  J<.ur.."  IVc.  15.  1900. 

t  "Arch.  f.  Hciikundc,"  1870,  vol.  xi,  p.  130. 
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amorphous  urates  when  the  urate  granules  congregate  upon  the 
cylindroids,  thus  forming  the  so-called  "urate  casts"  (Fig.  112); 
a  feature  of  the  urine  in  childhood,  early  adult  life,  and  during  con- 
valescence from  acute  fevers.  In  non-albuminous  and  otherwise 
healthy  urines  cylindroids  may  be  found,  and  are  therefore  not 
diagnostic  of  renal  disease. 

Floaters  {Clap  Shreds), — Congestion  situated  at  any  portion 
of  the  genito-urinary  tract,  preferably  the  urethra  and  adjacent 
structures,  may  cause  the  urine  of  such  persons  to  contain  small 
particles,  or  bodies,  which  are  thrown  down  with  the  general  sedi- 
ment, or  which,  at  other  times,  remain  suspended  in  the  liquid  at 
different  distances  from  its  surface.  The  composition  of  floaters 
varies  within  wide  limits.  Guyon*  distinguishes  three  varieties: 
(i)  Those  foimd  at  the  top  of  the  urine,  composed  of  epithelium 
and  mucus;  (2)  where  a  moderate 
amoimt  of  pus  is  added  they  sink  some 
distance  beneath  the  surface;  and  (3) 
where  a  preponderous  amount  of  pus 
enters  into  their  composition  they  sink 
to  the  bottom  of  the  urine. 

Spermatozoa* — These  cells  are  to 
be  foimd  in  the  urine  of  men  suffering 
from  pathologic  spermatorrhea,  after 
intercourse,  or  emission  the  result  of 
other  excitants,  and  in  the  urine  of 
women  after  coitus.  When  seen  in  the 
urine,  they  are  found  to  retain  their 
normal  outline  but  are  not  motile,  and 
in  old  urines  the  tails  are  detached 
from   the  heads.      They  stain  readily 

with  a  solution  of  carbolfuchsin,  and  should  be  thus  studied 
when  question  arises  as  to  their  general  properties  (see  Sperma- 
tozoay  page  478). 

Fragments  of  Tmnors. — Small  polypi  from  the  bladder- wall 
are  occasionally  observed  in  the  urine,  while  particles  from  slough- 
ing surfaces,  as  of  cancer,  tuberculosis,  or  sarcoma  of  the  bladder, 
furnish  valuable  aid  to  diagnosis.  Malignancy  of  such  structures 
as  the  vagina,  rectum,  and  uterus  may  form  fistulous  communica- 
tion with  the  urinary  tract,  and  discharge  their  products  with 
the  urine.  The  diagnosis  of  renal  tumor  from  the  study  of 
urine  is  difficult,  and  should  not  be  made  unless  other  conditions 
present  warrant  such  conclusions  by  the  surgeon.  Cancer  frag- 
ments are  frequently  derived  from  a  leukorrheal  discharge  which 

♦  "N.  Y.  Med.  Jour.,"  July  14,  1900. 


Fig.  120.— Cylindroids :  a,  d, 
Cast-liicc  forms;  c,  filamentous 
forms  (Ogden). 
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has  becb  added  to  the  urine.    Actinomycosis  of  the  bladder  is  at 
limes  placarded  by  the  appearance  of  the  fungus  in  the  urine 

(Fig.   I2IJ. 

Methods  of  Study. — Particles  of  tissue  are  best  studied  by 
teasing  ihcm  with  a  line  ncL'dle,  since  they  are  usually  too  small 
for  sectioning.     In  a  case  studied  at  ihe  Philadelphia  Hospital  * 


the  urine  contained  pieces  of  laminated  membrane,  scolices  (heads 
of  parasilcl,  and  booklets — ihe  products  from  a  hydatid  cyst  (Figs. 

IZ3-I25). 

APnHAL  PARASITES. 
Taenia  Echinococcus.— This  parasite  rarely  affects  the  urin- 
ary' tract,  yet   its  cysls  may  develop   there  and   later  discharge 
their  contents  with  the  urine.     When  the   cyst  is  located  in 
•  '"Amer.  Med.,"  Jsn.,  1903,  p,  la 
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(he  kidney's  substance  and  communicales  with  the  urinary  tract, 
bookJeU  and  scolices  of  the  paraaie  in  connection  with  shreds 
of  the  cyst  membrane  may  be 
found  in  ihe  urine,  and  in  addi- 
tion to  these  findings  the  urine 
commonly  contains  blood  and 
casts,  as  was  personally  noted 
in  a  case  studied  in  t&gj  at  the 
Philadelphia  Hospital  (Figs.  122- 


25).  Cysts  involving  other  vis- 
cera may  form  fistiUous  com- 
munications with  Ihe  urinary 
tract,  in  which  instance  the 
usual  products  of  the  cysl  ap- 
pear in  the  urine. 
F.g..M.-i.S(o!e»oiT»nu«i"n««:-  Filaiia  Sauguuiis  Hominis, 

:S'*dS:iSd'"wkwJT<li?'i.'i^'"     —'^^^  parasite  may  appear  in 

*"**"•"■  the   urine   of   persons   suffering 

from  chyluria,  or  from  hematuria 

of  filarial  origin.    A  similar  case  was  studied  by  F.  P.  Henry. 

By  way  of   repetition  I   studied   the  urine  of  an  adult  which 


Fl«,   uj.— llrinarr 


showed  hcmatoidin  crystals  and  a  parasite  (Plate  17)  of  question- 
able classification.      A  surgeon  removed  one  kidney  from  this 
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patient  and  reports  that  the  pelvis  and  part  of  the  kidney  sub- 
stance were  occupied  by  a  colossal  abscess  filled  with  creamy 
pus.  The  filaria  is  quite  as  easy  of  recognition  when  in  the 
urine  as  when  found  in  the  blood,  and  presents  all  its  character- 
istics, except  that  it  is  non-motile  or  its  movements  greatly 
lessened.  Urine  containing  filaria  may  show  blood,  chyle,  or 
pus,  and  for  this  reason  it  is  often  regarded  as  the  etiologic 
factor  in  certain  forms  of  tropic  hematuria  {Fig.  49),  Blood 
falls  to  the  bottom  of  the  urine. 

Schistosoma  (Distoma)  Hsmatobium.— The  ova  of  this 
parasite  are  found  in  the  urine  of  persons  suffering  from  tcopic 
hematuria,  and  were  first  described  by  Bilharz  in  1851,  who  re- 


'■  .y< 


gardcd  them  as  an  etiologic  factor  in  the  hematuria  of  Egypt. 
Harley,  Brock,  and  others  have  studied  this  disease  in  the  Cape 
of  Good  Hope  and  in  the  South  African  Islands,  where  epidemic 
hematuria  is  common. 

Urine  containing  these  ova  is  apt  to  display  a  heavT  sediment, 
which  when  studied  under  a  low-power  (two-thirds)  objective  is 
found  to  be  composed  largely  of  blood-clots,  and  it  is  in  these  clots 
that  the  cgg&  are  found  most  abundant  (Fig.  1 36).  At  times  it 
is  necessary  to  tease  the  ciol  in  order  to  liberate  the  ova  from  the 
mass;  and  after  such  treatment  one  often  finds  ova  floating  in  the 
tuine.     To  prcsen-e  these  ova  as  permanent  specimens  the  usual 
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methcxi  employed  for  urinary  sediments  will  be  found  of  value 
(see  Mounting  of  Casts,  page  259). 

The  fully  matured  ovum  is  the  shape  of  a  hen's  egg,  pfr  ^^  ri^r 
inch  in  length,  and  about  g^  to  ^^  of  an  inch  in  breadth.  An 
irregularity  in  size  obtains  even  in  mature  specimens;  some  eggs 
being  found  narrow  and  long,  while  others  are  distinctly  oval. 
The  most  immature  ovum  presents  a  hyaline  envelop  with  a  short 
spine  (Plate  19A),  and  by  careful  focus  is  seen  to  contain  granules 
of  various  sizes.  Older  specimens  show  segmentation  in  different 
stages,  and  by  close  study  of  such  ova  one  may  trace  the  various 
developmental  stages,  step  by  step,  from  a  mere  granular  mass 
until  the  embryo  attains  a  definite  structure  (Plate  19A).  The  cap- 
sule is  sufficiently  transparent  to  permit  the  study  of  its  contents. 
At  the  narrow  end  it  is  continued  as  a  short,  sharp  spine  which  has 
an  average  length  of  ^iJW  i^ch. 

"  The  embryo,  until  the  time  draws  near  for  its  obtaining  liberty, 
lies  quiescent  in  the  shell,  only  now  and  then  moving  its  head  from 
side  to  side,  or  occasionally  drawing  its  whole  body  upward  with  a 
jerking  movement"  (Brock).*  The  cephalic  and  caudal  extrem- 
ities of  the  embryo  are  readily  distinguished  when  under  a  one- 
sixth  objective,  the  former  being  commonly  directed  tow^ard  the 
spine.  Later  the  body  of  the  embryo  appears  to  be  surrounded 
by  cilia.  The  time  required  for  the  hatching  of  these  embryos 
after  they  are  voided  with  the  urine  varies  from  a  few  hours  to 
several  days.  The  capsule  becomes  thin  and  develops  a  longitu- 
dinal slit  through  which  the  embryo  escapes  (Plate  19A).  When 
the  urine  above  the  sediment  has  been  decanted  and  replaced  by 
water,  the  embryos  are  to  be  seen  swimming  actively  in  this  liquid 
(Brock).  Through  the  courtesy  of  Dr.  Claude  A.  Smith,  of 
Atlanta,  I  was  provided  with  urine  containing  many  of  these  ova 
and  was  able  to  confirm  the  observations  of  Brock,  as  shown  by 
the  accompanying  illustrations.  The  empty  capsule  is  to  be 
found  floating  in  the  liquid  after  the  escape  of  its  embr\'o. 

The  further  development  of  the  embr\'o  outside  of  the  body 
and  its  mode  of  rc-enterincr  the  svstem  are  not  fuUv  determined. 
The  fact  that  bilharzia  affects  mostlv  males  before  the  age  of 
eiglUcen,  a  time  when  they  bathe  frequently  in  the  streams  of  in- 
fected districts,  as  well  as  the  additional  evidence  that  women  and 
girls  of  these  districts  are  rarely  known  to  bathe  in  the  streams 
and  are  practically  free  from  Bilharz  disease,  offers  evidence  favor- 
ing the  parasites  gaining  access  to  the  body  during  the  act  of  bath- 
ing. It  is  possible  that  they  may  ascend  the  urethra,  for  it  is  to  be 
remembered  tliat  the  mature  worm  finds  a  resting-place  in  the 

♦  "Jour,  of  Path,  and  Eact.,"  Edinburgh  and  London,  Oct.,  1893. 
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venous  systems  of  ihe  bladder  or  abdominal  viscera,  and  her  ova 
may  erscape  with  ihf  urine,  ilic  feces,  or  the  sputum. 

Ozyuris  Vermicularis.^Tliis  parasite  may  in  rare  instances 
app(.-ar  in  the  urine,  either  as  a  result  of  abnormal  commuiucution 
betwwn  the  urinary  tract  and  the  rectum,  or  in  the  case  of  children, 
where  the  parasite  enters  the  vagina  or  the  urethra,  in  which  in- 
stance the  symptoms  of  acute  inlkmmation  of  these  parts  are 
noted  (see  Vaginitis,  p&gie  4S4).  In  one  case  of  vaginitis  1  found 
the  urine  to  contain  many  ova  and  two  specimens  (females)  of 
the  oxjuris. 

Ascaris  Lumbricoides. — The  ascarides  or  their  ova  are  seldom 
found  in  the  urim-,  and  occur  only  as  the  result  of  fistulous  com- 
munication between  the  rectum  and  the  urinar\'  tract. 

Rhabditis  Geaitalis. — The  name  given  by  Scheiber  to  a 
variety  of  worms  which  he  found  in  the  urine,  believing  the  affec- 
tion to  originate  from  the  genilo-urinary  tract.  I  have  observed 
the  following  described  parasite  in  two  cases  of  hematuria  *  seen 
at  the  Pennsylvania  and  Philadelphia  Hospitals  respectively. 
Dr.  Ch.  Wardell  Stiles,  of  the  Bureau  of  Animal  Industry',  at 
Washington,  declined  to  make  a  specific  determination  of  this 
parasite.  The  patient,  a  male  of  sixty -one  years,  presented  noth- 
ing abnormal  for  one  of  his  age,  and  gave  no  hisloiy  of  hanng 
ever  before  voided  bloody  urine.  On  rising  in  the  morning  he 
noticed  that  his  urine  resembled  blood,  and  it  remained  unchangi'd 
during  the  day.  He  suffered  no  discomfort,  and  during  the  day 
did  not  void  urine  oftcner  than  usual,  A  specimen  taken  from 
that  passed  on  retiring  and  during  the  night  following  was  also 
bloody  and  contained  a  few  parasites.  In  the  morning  the  urine 
was  normal  in  appearance,  did  not  contain  parasites,  and  the  cen- 
trifugated  sediment  showed  but  few  blood  discs.  The  urine,  on 
standing,  displayed  a  heavy  sediment,  a  microscopic  study  of  which 
showed  it  to  be  composed,  for  the  most  part,  of  blood-cells,  clots, 
few  epithelial  cells,  and  many  blt>o<I-casts.  Everywhere  the  sedi- 
ment was  found  to  contain  many  small  worms,  which  are  best 
described  by  the  accompanying  illustration  (Fig.  117).  A  drop  of 
this  sediment,  when  studied  under  a  two-thirds  lens,  often  pre- 
sented from  two  to  six  of  these  parasites  in  a  single  licld  of  the 
microscope.  Their  movements  consisted  in  coiling  and  uncoiling, 
apparently  reaching  forward  with  their  tapering  extremity — these 
movements  being  repeated  in  such  rapid  succession  that  they  were 
enabled  to  travel  across  the  fielrl  of  the  microscope  in  a  few 
seconds.  The  serpentine  movement,  as  shown  by  the  embryos  of 
the  filaria,  was  not  observed.  They  remained  alive  for  twenty- 
•  "Aroer.  Med,,"  Jan.  3,  1903,  p.  20. 
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four  hours  in  a  specimen  of  urine  that  had  been  placed  in  an  incu- 
bator at  a  temperature  of  37°  C. ;  but  when  kept  at  room  tempera- 
lure  they  were  found  motionless  after  a  few  hours.  In  the  urine 
there  appeared  to  be  great  variation  in  the  size  of  these  worms,  as 
is  shown  by  the  following  measurements:  Total  length,  0.036 
to  0.055  inch;  diameter  at  greatest  part,  0.003  t°  0.0035  inch; 
diameter  at  the  junction  of  the  greater  one-fourlh  with  the  re- 
maining   three-fourths  of  the  body,  0.003  to  0.0035  inch. 

During  my  term  of  service  at  the  Pennsylvania  Hospital  (1901) 
I  studied  a  specimen  of  bloody  urine,  voided  by  a  male  patient,  in 


which  many  parasites  apparently  identical  with  those  observed 
in  connection  with  the  previous  case  were  found. 

Trichocephalus  Dlspar.— Ova  of  the  TrichocephaJus  dispar 
were  prt-scm  in  thi-  urine  of  both  patients  {Fig.  fji). 

Anguillula  Aceti. — Few  instances  are  recorded  where  the 
urine  has  contained  this  parasite,  and  while  its  detection  is  most 
unusual,  it  is  necessar)'  that  every  microscopist  be  ever  alert  con- 
cerning the  A.  aceti  or  "vinegar  eel."  The  A,  aceti  (Plate  30) 
thrives  in  both  alkaline  and  acid  urines.  The  average  size  of  the 
parasite  is  1.2  mm.  by  0.033  mm.;  while  that  of  the  female  is  about 
i.g  mm.  by  0.06  mm.,  and  few  specimens  are  seen  to  reach  a. 35 
mm.  in  length.  The  uterus  of  the  mature  female  is  distinct  and 
contains  two  or  more  ova  and  less  often  embryos.    The  young 


t  Eel  (ANi;Dn.i.CLA  Aceti). 

I,  Lalcral  view  of  male  specimen  of  the  vinegar  eel  (A  nguiliula  aceli)  from  the 
ITOiD  bladder  (greatly  enlarged). 

3.  Caudal  portion  of  same  species:  i,  Intestine;  1,  teslicle^  ip,  s^iicule;  ap, 
ecssory  piece  (greatl)-  enlarged), 

3.  Ventral  view  of  doacal  opening  ot  same,  showing  partially  extruded  spicules 
realty  enlarged). 

4.  Outline  lateral  view  of  partially  extruded  spicules  (greatly  enlarged). 

5.  Gravid  female  vinegar  eel  from  the  human  bladder.  Embri'os  and  eggs 
e  present  only  in  the  anterior  horn  of  the  uterus  (greatly  enlarged). 

6.  Young  embryos  of  same  (greatly  enlarged). 

7.  8.  Somewhat  older  embryos  (greatly  enlarged).  The  esophagus  is  evident 
both  specimens  (Stiles). 
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forms  may  vary  in  length  from  0.25  lo  0.7  mm.  The  male  worm 
is  provided  with  a  pair  of  ihick,  double,  curved  spicules  on  ihe 
ventral  surface  (Plaie  20,  Fig.  3),  and  projecting  from  each  is  a 
fan-shaped  piece  of  fin.  I  have  studied  the  urine  from  two  pa- 
tients, one  a  male,  in  which  the  vinegar  eel  was  present.  The 
woman  had  been  taking  vaginal  douches  containing  vinegar. 

Detection. — It  is  easy  lo  obtain  this  parasite  from  table 
vinegar  and  thus  conduct  comparative  studies.  It  resembles 
closely  ihe  Strongjdoidcs  inlestinalis  (see  page  419),  which  is 
found  in  the  feces,  Thayer*  having  reported  two  American  cases. 

Stiles  has  offered  the  following— 


I.  Eggshell  thick,  ellipsoid,  64  Iq  68  u  by  40  to  40  />,  with   mo 

embiTO  not  dewloped;  indicates  inf«lion  of  kidney Dioclophyme  rtnalt. 

Eggah«U  ovoid,  135  to  160  a  by  $5  In  66  u,  without  mosaic  structure,  usually 
with  shkrp  spinci  contains  ciliated  rmbrvo;  indicates  infection  of  blood- 
vessels with  Kemaiodes  (Egyptian  hemBtuna.  Hlharziosis) 

Schiilesoma  hirmotabmrn,  page  195. 

Eggihell   thin,  oblong,  50  to  54  f  by  10  to  17  ^,  contains  elongated  worm; 

indicates  infection  of  rectum  with  pinworms  not  found  in  the  urine  of  male 

ptticnts Oxyurij  tKrMUviorii,  page  414- 

EUBRVDS. 

3.  Embiyo  ciliated   (bilharziosiO Schitloioma  hirMalebitim,  page   195. 

Embryo  not  ciliated  elongate j 

3.  Esophagus  distinct,  with  pu^lcrior  bulb  armed  with  chitinous  teeth  (rhabdiri- 

form  embryos) 4 

Esophagus  not  very  distinct,  no  posterior  bulb;  same  embryos  also  found  in 
the  blood,  270  to  joo  /i  long Filatia  tanguinit  hominit,  page  147. 

4.  Embryo  14a  ^  long;   adults  3  to  i>  mm.  long  in  rectum 

Oxytttis  vtrmimlarii. 
Adults  in  urine,  but  not  in  rectum i 

LiUVX    AND    ADITLTS. 

5.  Elongated    and     Bat;      upc-worm    larvx 5^r;<iniifi     Mantimi. 

Budv  round .6 

6.  Body  large,  may  attain  40  to  100  cm.  in  length;  usually  ivd  in  color 

Diocupkymt  rrtMU. 
Body  less  than  13  mm.  long,  whitish 7 

7.  Body  3  to  13  mm.  long;   male  with  single  spicule;   same  parasite  fuuod  in 
.  .Oxymris  vermittdaru. 


Male  with  caudal  bursa Khahditts  ptUio. 

Eustrongylus  Gigas.— Evidence  of  ihis  parasite  is  at  times 

manifest  in  the  urine  and  may  be  accompanied  by  chyluria  or 

hematuria,  Moscalo  recording  a  case  of  ihc  former,  and  Clark  one 

of  the  latter.     Dr.  John  A.  McKenna,  of  l^iladelphia,  has  dc- 

•  "Jour,  of  Eip,  Med.,"  Nov.  39,   1901. 


L 


300  THE    URINE. 

tected  the  ova  of  ihis  parasite  in  the  bloody  urines  of  two  children. 
Portions  of  the  adult  worm  were  obtained  from  one  case  in  urine 
drawn  by  catheter. 

Bothriocephalus  Liguloides.— Leuckari    has    recorded  an 

instance  occurring  in  eastern  Asia  where  this  parasite  was  found 
in  ihe  urine  of  man. 

Amceba  Urogenitalis. — Baelz*  described  under  this  caption 
large,  actively  motile  amcba^  found  in  the  urine  and  vaginal  secre- 
tion of  a  female  aged  twenty-three  years,  who  was  at  that  time  suf- 
fering from  pulmonary  tuberculosis. 

Infusoria.— Urine  may  be  found  to  contain  these  bodies  when 
it  has  been  allowed  to  stand  for  a  time  and  is  faintly  alkaline  in 
reaction.  They  have  no  known  pathologic  significance.  The  Trich- 
omonas vaginalis  (Fig.  146)  has  been  detected  in  the  urine  by 
Marchand,  Muira,  and  Dock.f  The  author  has  studied  bodies 
in  the  urine  closely  rtsembling  the  cercomonads  found  in  the 
feces. 

VEGETABLE  PARASITES. 

Fungi. — Normal  urine  when  voided  contains  neither  fungi  nor 
bacteria  in  appreciable  numbers,  but  when  allowed  to  stand  in  a 
warm  place  these  organisms  soon  develop  (ten  to  twenty-four 
hours).  They  may  be  divided  into  molds,  yeasLs,  fission-fungi, 
and  bacteria,  of  which  we  find  for  the  most  part  non- pathogenic 
forms.  Urine  undergoing  ammoniacal  change  presents  fission- 
fungi  in  great  numbers  and  occasionally  ycasu.  Molds  are  not 
unusual  when  the  urine  contains  sugar;  but  where  alcoholic  fer- 
mentation has  ceased  this  fungus  develops  with  rapidity.  Molds 
may  form  a  thick  surface  growth  which  at  first  floats,  but  later 
may  sink  to  the  bottom  of  the  Lquid.  Such  urine  is  commonly 
turbid  and  in  addition  contains  yeasts  and  numerous  bacteria. 

Clinical  Signiflcance. — \  copious  growth  of  the  yeast  fungus 
in  the  urine  is  highly  suggestive  of  glycosuria. 

Microscopically,  decomposing  healthy  urine  presents  a  variety 
of  pictures;  and  these  changes  are  doubtless  produced  by  a  number 
of  organisms,  among  which  micrococci  are  given  a  prominent  place, 
appearing  on  the  surface  in  pure  cultures  (Micrococcus  urea). 
This  coccus  is  of  large  size  and  often  forms  in  short  chains.  Ba- 
cilli of  variable  size,  some  containing  spores,  others  in  clusters  and 
chains,  of  both  motile  and  non-motile  varieties,  are  also  present 
in  such  sediments,  together  with  cocci  of  \-arious  sizes,  arranged 
singly,  in  pairs,  and  in  clusters.  Sarcin^c  of  smalt  size  arc  occa- 
sionally met  with  in  such  urines  (Fig.  138),  and  I  have  found 

•  "BctI.  klin-  W.«h.,"  188,.  ™1.  «idii. 
t  "Amer.  Jour.  Med,  Sd.,"  Jan.,  1896. 


AspEur-tLLtts. 

I.  From  cultures  at  aspcrgiHus  tumigalus  on  acid  urine  (obj.  Queen  one- 
iixlh;  cyc-pierc  2). 

1.  Peculiar  arrangement  (octopus  formation!  of  fungous  growth.  At  lower  left 
qtjadrant  is  a  portion  of  the  fungus  (highly  magnified). 

3.  From  urine  during  an  attack  of  cystitis  (obj.  Queen  one-sixth;   eye-piece  1). 

4.  From  urine  (diabetic)  during  an  attack  of  cystitis  (obj.  Queen  one-sixth; 

5.  .Aspergillus  nigcr  from  culture  on  add  (diabetic)  urine  (obj.  Queen  one- 
sixlh;  eve-pictc  1). 
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them  in  the  scdimcnl  of  fresh  urines  prior  to  ihc  development  of 
ftmii.'nlulion. 

Actinomyces. — Actinomycosis  is  a  rare  disease  of  the  genito- 
urinary tract,  but  where  involvement  of  these  organs  exists,  il  is 
likely  to  be  placarded  by  the  appearance  of  the  ray  fungus  or  its 
products  (mycelia)  in  the  urine  (Fig.  183), 

Aspergillus.— Rcnon  observed  spores  of  the  ,\spcrgiUus  tumi- 
gatus  in  the  urine  of  animab  suffering  from  experimental  aspergil- 
losis.* The  author  has  found  both  spores  and  mycelia  of  the 
Aspergillus  fumigatus  present  in  the  urine  of  acute  cystitis,  and  in 
cystitis  occurring  in  a  diabetic  (Plate  ai);  and  has  conducted  u 
series  of  cultures  studying  the  effett  of  both  the  A.  niger  and  A. 
fumigatus  on  urines.f 

Bacteriuria. — A  urine  containing  many  bacteria  when  voided 
is  to  be  regarded  as  a  serious  symptom  even  though  the  indi- 
Wdual  organisms  present  are  not  classed  as  pathogenic  in  nature; 
yet  such  a  condition  of  the  urine  may  persist  over  a  long 
period  without  other  appreciable  evidence  of  disease  (idiopathic 
bacteriuria).  Theoretically,  bacteriuria  should  always  ensue  as  a 
result  of  bacleremia.  The  urine  contains  specific  bacteria  during 
the  course  of  cerlain  infectious  maladies. 

Method  of  Obtaining  Urine. — Urine  for  baderiologic  study 
must  be  collected  under  aseptic  precautions  lest  the  result 
of  our  study  be  absolutely  nil.  To  obtain  urine  from  the  female 
bladder,  cleanse  the  vestibule  of  the  vagina  and  mouth  of  the 
urethra  by  using  6rst  a  solution  of  mercuric  bichlorid  (i  :  1000) 
followed  by  a  solution  of  boric  acid  and  later  by  sterile  water. 
Second,  a  glass  catheter  that  has  been  previously  sterilized  by 
boiling,  and  placed  in  sterile  water,  is  now  lubricated  with  sterile 
olive  oil  or  glycerin  and  introduced  through  the  urethra  into 
the  bladder.  Third,  allow  the  urine  to  flow  off  through  the 
catheter  for  a  few  seconds.  Then  permit  it  to  flow  into  sterilized 
test-tubes  or  into  a  sterile  bottle,  and  cork  with  sterilized  cotton. 

Caution. — Incline  the  open  tube  while  the  urine  is  entering  it 
to  prevent  air-lximc  bacteria  from  falling  into  the  tube.  Cork  the 
lube  or  the  bottle  with  the  cotton  stopper  before  pbcing  it  in  the 
vertical  position.  Cultures  may  be  made  from  urines  thus  ob- 
tained, and  in  my  experience  it  has  been  rare  to  find  such  specnncns 
contaminated  by  extraneous  organisms. 

The  same  necessary  precaution  should  be  obser\ed  in  obtain- 
ing urine  from  the  male  bladder,  using  a  metal  or  rubber  citheter. 

•"Compici  Rendu]  dcs  Scjincn  cl  Mcmoirin  dc  la  Socicie  dc  Biolt^r." 
Feb.  9.  i8<)5. 
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It  is  my  practice  to  force  bichlorid-of-merciir>'  solution  (i  ;  ioc»)   ' 
through  the  rubber  catheter  and  then  to  immerse  it  in  this  solu- 
tion of  bichlorid  for  a  short  time,  which  renders  the  chances  of 
contamination  by  the  catheter  infinilesimal. 

The  collection  of  urine  from  the  kidneys  by  catheterization 
of  the  ureters  requires,  in  addition,  the  assistance  of  the  surgeon, 
as  do  also  methods  of  segregation. 

Making  Cultures. — The  making  of  cultures  and  identifying 
micro-organisms  are  those  commonly  in  vogue,  and  for  the  latter 
of  these  the  reader  is  referred  to  special  works  upon  bacteriology. 

1.  Take  three  cuhure  tubes  containing  about  20  cc.  each  of 
agar-agar  and  heat  them  (by  standing  in  warm  water)  sufficiently 
lo  liquefy  the  medium. 

2.  Label  these  tubes  (a),  (ft),  (c). 

3.  Shake  the  urine  well  and  add  to  tube  (a)  one  loop  (one  drop) 
of  urine,  stirring  with  the  platinum  needle  (Fig.  igy)  to  mix  it 
well  through  the  medium  and  pour  into  a  Petri  dish.  To  tubes 
(b)  and  (t)  add  two  and  four  drops  respectively,  and  proceed  as  in 
the  case  of  (a). 

4.  Place  plates  in  a  cool  place  until  the  medium  has  solidified; 
then  place  in  an  incubator  (temperature,  37.5°  C.)  for  from  twenty- 
four  lo  forty-eight  hours.  Cultures  and  smears  should  be  made 
from  such  colonics  of  growlh  as  may  develop,  transferring  the 
cuhures  to  several  forms  of  medium. 

5.  In  case  a  bacteriologic  study  is  made  at  stated  intervals  the 
number  of  colonies  developing  from  tubes  (a),  (ft),  and  (e)  re- 
spectively should  be  counted,  and  in  this  way  the  degree  of  bac- 
teriuria  estimated. 

It  is  also  well  to  make  several  slant  inoculations  on  agar-agar, 
Loeffler's  blood-serum,  and  on  bouillon- peptone  solution,  special 
media  being  necessary  for  the  gonococcus,  tubercle  bacillus,  and 
bacillus  of  influenza. 

Staining  of  Bacteria. — Fill  two  or  more  of  the  special  tubes  of 
the  centrifuge  vs-ilh  the  urine  and  ccntrifugaie  for  five  minutes; 
then  remove  the  tubes  and  lift  the  sediment  thus  collected  into  a 
pipet  and  transfer  a  small  drop  of  it  to  the  center  of  a  clean  slide 
which  has  been  arranged  in  the  sL'de  forceps  (Fig.  186);  spread 
to  form  a  thin  film,  dry  by  gentle  heat,  and  stain  for  two  minutes 
with  carbolfuchsin  or  5  per  cent,  aqueous  solution  of  methylene- 
bluc. 

Caution. — Remove  the  stain  by  allowing  a  feeble  current  of 
water  to  fall  upon  one  end  of  the  slide  and  to  flood  gently  over  the 
specimen. 

The  specimen  may  be  dried  over  a  low  flame  or  in  the  air  and 
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mounted  in  Canada  balsam.  Study  by  the  direct  method  consists 
in  adding  a  cover-glass  to  the  stained  sediment  before  drying. 
Much  time  and  labor  may  be  saved  by  adopting  this  latter 
method,  and  by  it  specimens  may  be  satisfactorily  viewed  under 
a  one-twelfth  oil-immersion  objective. ,  The  staining  of  the 
tubercle  bacillus  and  of  the  gonococcus  will  be  given  in  detail 
in  conjunction  with  the  study  of  sputum  and  urethral  pus  respec- 
tively, and  allusion  will  be  made  to  some  of  the  bacteria  to  be 
encountered  in  the  urine. 

Tubercle  Bacillus. — ^This  organism  is  found  in  the  urine 
when  ulcerative  or  suppurative  tuberculous  lesions  involve  or 
communicate  with  the  urinary  channel.  In  this  situation  the  bacilli 
are  commonly  found  in  clusters  and  often  intimately  associated 
with  shreds  of  sloughed  tissue  (Plate  30).  Isolated  bacilli  are  not 
common,  yet  such  findings  may  occur  in  connection  with  miliary 
tuberculosis,  with  or  without  ulcerative  lesions  of  the  genitourinary 
tract;  and  according  to  Frick  and  Walsh,  tubercle  bacilli  are  to  be 
found  in  the  urine  of  a  large  percentage  of  cases  of  pulmonary 
tuberculosis  (see  Staining  0}  Urinary  Sediment,  page  258).  Per- 
sonally, I  have  studied  over  1000  specimens  of  urine  for  tubercle 
bacilli  and  have  found  this  oi^anism  but  three  times,  though  other 
acid-fast  bacilli  have  been  common  findings.  It  is  necessary  to 
differentiate  between  the  tubercle  bacillus  and  the  smegma  bacillus 
(see  page  441)-  Detection  of  the  tubercle  bacillus  in  the 
urine  by  means  of  cultures  may  at  times  be  necessary,  but  is 
scarcely  practicable;  a  more  practical  method  of  diagnosis  where 
the  badlh  are  not  found  and  the  chnical  features  suggest  strongly 
their  presence,  is  to  inoculate  a  guinea-pig  or  a  rabbit  with  a  few 
drops  of  the  suspected  urine  into  the  chamber  of  the  eye,  into  the 
peritoneal  or  the  pleural  sacs,  or  subcutaneously,  in  which  case 
the  animal  will  develop  tubercular  retinitis,  peritonitis,  or  picuritis 
respectively.  There  is  no  form  of  inoculation  with  the  tubercle 
bacillus  more  virulent  to  guinea-pigs  than  when  the  bacilli  are 
contained  in  the  urine- 

Gonococcus. — Gonococci  may  be  present  in  the  urine  during 
the  course  of  gonorrheal  urethritis,  at  which  time  the  organism 
stains  with  the  usual  anilin  dyes  (see  page  495).  I  have  found 
it  difficult  to  detect  beyond  question  of  doubt  the  gonococcus  in 
urinary  sediments;  and  the  differential  staining  by  means  of  Gram's 
solution  has  been  unsatisfactory,  since  I  have  not  been  able  to 
make  a  positive  diagnosis  of  gonorrhea  through  a  microscopic 
study  of  the  urine  alone. 

Caution. — The  urine  of  women  not  infrequently  contains  a 
diplococcus  which,  from  its  staining  properties  alone,  is  indistin- 
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guishable  from  the  gonococcus,  and  the  identity  of  this  organism 
is  impossible  except  where  cultural  studies  are  conducted.    The 
urine  may  under  certain  conditions  modify  the  growth  of  lYie 
bacteria,   and   experience  has  forced  me  to  regard  bacteriologic 
study  of  the  urine  as  of  limited  value  when  in  reference  to  lVi<: 
gonococcus. 

Ulcerative  Endocarditis. — Here,  too,  the  urine  at  tiin.^ 
contains  the  specific  bacterium  acting  as  a  causal  factor  in  the  px^  c 
duction  of  the  endocardial  lesion.  Such  study  is  impractical^ 
since  a  study  of  the  blood  furnishes  more  conclusive  evidence. 

Septicemia  and  Pyemia. — The    urine    in    these    conditi 


Fiftf.  12*^.— Stroptororrurin  :  ra<;e  of  a  mnle  of  eiKhloon  years;  liiMorv  of  albuminuria 
for  si\  nuMiths.  liiiic  also  contained  few  c\linclrc»ids  and  hyaline  casls  ^obj.  B.  and  L.  one- 
Iwcltlh  «iil-iinincision). 

may  rarely  contain  clumps  of  pathogenic  cocci,  and  seldom  these 
bodies  are  arranged  in  the  form  of  casts  which  appear  to  be  formed 
of  bacteria.  It  is  to  be  borne  in  mind  that  at  such  limes  all  vital 
structures  are  much  reduced,  thus  forming  a  suitable  soil  for  bac- 
terial developments  along  the  urinary  tract,  and  that  these  bac- 
teria, in  part  at  least,  may  not  enter  the  urine  through  the  kidneys. 
Acute  Nephritis. — ^lany  writers  have  found  cocci  in  the 
urine  of  this  alTeclion,  and  bacilli  are  reported  as  occurring  in  the 
ne])hritis  of  children;  but  as  yet  their  diagnostic  value  is  restricted. 
In  the  acute  ne]>hritis  complicating  pneumonia,  diplococci  have 
been  found.     The  theory  of  bacteriuria  in  the  nephritis  of  acute 
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infectious  fevers  appears  plausible  and  has  been  ably  exemplified 
in  a  number  of  inslances;  e.  g.,  typhoid  fever.  The  accompany- 
ing illustration  (Fig.  ij8j  was  made  from  the  urine  of  a  youth 
who  was  suffering  from  subacute  nephritis. 

Typhoid  Fever.^Typhoid  bacilli  are  described  as  occurring 
in  the  urine  of  persons  suffering  from  this  disease  by  Newmann,* 
whofound  the  organism  present  in  six  of  iwenty-thrce  cases  studied. 
Wright  and  Scmple  found  tj-phoid  bacilli  in  six  of  seven  cases 
studied. t  Gwynn  has  made  an  exhaustive  study  of  the  subject, t 
from  which  he  concludes  that  typhoid  bacilli  appear  in  the 
urine  of  typhoid  patients  in  30  per  cent,  of  the  cases;  and  since  this 
report  there  have  followed  a  number  of  reports,  most  of  which  have 
been  confirmatory  of  Gwynn's  observations,  few  finding  these  ba- 
cilli present  in  a  higher  percent- 
age of  cases. 

Clinical  Signijicance.— Typhoid 
bacilli  may  occur  early  in  the 
course  of  the  disease,  but  are  more 
commonly  present  by  the  third 
week;  they  persist  during  conva- 
lescence and  often  for  a  long  time 
thereafter,  and  are  present  in  the 
urine  of  both  severe  and  mild 
cases  of  enteric  fever.  Urine  con- 
taining typhoid  bacilli  displays  ;i 
fine  clouding  which  lends  a  light 
and  finely  flocculent  appearance 
to  the  fresh  specimen.  This,  how- 
ever, is  not  constant,  and  the  urine 

may  present  the  usual  febrile  characteristics  where  many  ba- 
cilli arc  present  (cloudy,  dark  color,  and  a  heavy  sediment). 
Cultures  are  often  pure,  and  smears  made  from  the  urine's  sedi- 
ment show  many  bacilli  (Fig,  129).  Richardson  concludes  thai 
the  percentage  of  cases  in  which  tj-phoid  badUi  appear  in  the 
urine  bears  a  somewhat  similar  relation  to  the  percentage  of  cases 
where  the  bacilli  arc  present  in  the  blood.  The  presence  of 
typhoid  bacilli  in  the  urine  may  be  inlluenced  greatly  by  the 
admim'stration  of  certain  drugs,  as  urolmpin.  and  by  local  treatment 
directed  to  the  bladder.  Their  presence  bears  no  relation  to  the 
severity  of  the  disease,  and  is  not  inHuenceil  by  the  presence  of 


•  "BctI.  klin.  W(x-h„"  1888.  v.>l,  xx^ 
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complications  or  sequeke.  The  presence  of  large  numbers  of 
these  bacilli  is  suggestive  of  the  disease  in  the  absence  of  other 
valuable  symptoms  and  signs. 

Ideniitw — Where  these  bacilli  are  found  to  decolorize  bv  Gram's 
method  of  staining,  and  to  present  the  morphologic  characteris- 
tics, as  well  as  the  peculiar  agglutination  reaaion  with  the  patient's 
serum  Widal  reaction),  it  will  be  safe  to  determine  the  presence 
of  typhoid  bacilli  in  the  urine  in  t}'pical  cases. 

React'wn. — Such  urine  commonly  gives  an  acid  reaction  when 
voided,  and  may  even  remain  acid  after  standing  for  a  long  time. 
The  number  of  bacilli  present  in  the  urine  varies  greatly. 

Erysipelas. — In  this  disease,  where  complicated  by  acute 
nephritis,  the  urine  has  been  found  to  contain  organisms  indis- 
tinguishable in  form  from  the  Streptococcus  pyogenes  en'sipe- 
latis  of  Fehleisen.  In  the  study  of  a  large  series  of  cases  at 
the  Phibdelphia  Hospital  (54  in  all)  I  was  unable  to  recover  such 
streptococci  from  the  urine,  though  a  few  of  these  urines  contained 
a  trace  of  albumin.  Xon-pathogenic  streptococci  were  present  in 
some  of  the  specimens. 

Glanders. — In  1885  Philipowicx*  detected  the  bacillus  of 
glanders  in  the  urine  of  a  man  suffering  from  this  disease. 

Relapsing  Fever. — The  spirillum  found  in  the  blocxi  during 
the  parox>*sms  of  this  disease  appears  in  the  urine  when  hematuria 
obtains,  and  during  the  febrile  exacerbations  the  urine  has  been 
found  to  contain  manv  bacteria. 

Colon  Bacillus. — This  organism  (bacilli  members  of  the 
colon  crroiij)!  is  norniLilIy  present  in  the  urethra,  and  Ix-comes 
numcrou>  in  the  urine  in  cases  of  urethral  an«l  ^A  wsieal  coniieslion, 
urethral  stricture,  prostatitis,  and  ikirinLr  constipation  see  Acute 
and  Chronic  C\'^titis  and  Pyelitis ',  T:ie  bacillus  of  Sternborsx 
an«l  other  members  of  this  fjn^ui)  have  been  ricowred  from  the 
urine  of  yellow  fever,  but  their  presence  i;a>  not  been  shown  to  be 
of  clinical  siirniricance. 

Diphtheria. — The  Klebs-Loefiler  bacillus  occurs  in  the  urine 
when  the  diohtheric  lesion  is  situate*!  so  as  to  communicate  with 
some  p')nion  of  the  ixenito-urinar}'  tract;  and  since  this  bacillus 
enters  the  circulation  in  malis^nant  tvix-s  of  infection  « see  pa<xe  4^0^ 
its  recovery  from  the  urine  in  such  instances  is  to  be  anticipated. 

Scarlet  Fever. — Here,  also,  the  urine  mav  contain  manv 
micr'^jriranisms;  as  streptfK:<K:ci.  bacilli,  dii^l»vocci.  and  micro- 
cocci. I  have  f"und  it  difticult  to  show  any  relation  existing 
bi-twten  -uch  organisms  an*!  the  disease  in  fjuestion.  Class  has 
found  'he  "  Diplocccus  scarlatinx"  in  pure  cultures  in  the  kid- 

*  "  WirR    rr.rfi    Hill."  \-.i    \\\:\.  i;-   fi-;  .ir.-i   -ic. 
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ney's  substance  of  animals  inoculaled  with  this  organism,*  and  has 
also  cultivated  this  diplwoccus  from  the  urine  of  persons  suffer- 
ing from  scarlet  fever  who  presented  scarlatinal  nephritis. 

Acute  C]rstitis. — The  reaction  of  the  urine  will  be  found 
to  vary  according  to  the  bacterium  present.  Probably  50  per  cent, 
of  cystitic  urines  will  show  infection  with  the  Bacillus  coli  communis 
(commonly  in  pure  cuhures)  and  the  degree  of  acidity  high;  while 
in  a  staphylococcous  infection  the  acidity  is  not  decided.  The 
Staphylococcus  pyogenes  albus  occurs  in  from  15  to  25  per  cent, 
of  cases,  and  far  less  often  the  Staphylococcus  pyogenes  aureus  is 
found.  The  Bacillus  pyocyaneus  when  present  is  placarded  by 
the  greenish  tinge  it  lends  to  the  urine,  which  color  (green)  in- 
creases if  the  urine  b  kept  at  incubating  temperature.  T.  R. 
Brown  f  reports  a  case  of  infection  with  this  organism,  and  I  have 
found  it  in  the  urine  of  acute  cystitis  twice;  once  in  pure  cultures. 

The  Bacillus  protcus  vulgaris  has  been  found  by  Brown  in 
alkaline  (ammoniacal)  urines  containing  both  blood  and  pus. 

Chronic  Cystitis. — In  the  study  of  24  cases  Brown  t  re- 
covered from  the  urine  Bacillus  coU  communis  eleven  limes,  and 
once  the  Bacillus  tuberculosis;  Staphylococcus  pyogenes  aureus 
three  times;  Staphylococcus  pyogenes  albus  twice;  and  in  two 
cases  pyuria  existed  with  sterile  urine.  In  seven  cases  of  cystitis 
with  pyelitis  the  Bacillus  coU  communis  was  recovered  four  times 
(urine  acid);  Bacillus  proteus  \"utgaris  once,  and  Staphylococcus 
albus  twice  (alkaline  or  acid  alternating). 

Acute  and  Chronic  Pyelitis. — In  nearly  50  per  cent,  of 
cases  in  which  urine  is  obtained  by  catheterization  of  the  ureters 
the  colon  bacillus  will  be  found,  in  which  instances  the  urine 
is  acid.  The  Bacillus  proteus  vulgaris  figures  in  from  20  to  30  per 
cent,  of  cases  (alkaline  urine).  Where  the  process  is  tuberculous, 
the  Bacillus  tuberculosis  is  to  be  found  by  staining  and  by  inocu- 
lation of  animals  with  the  suspected  urine.  Cultivation  of  this 
organism  from  the  urine  is  impracticable. 


tibid..  vol,  J 


CHAPTER   in. 

GASTRIC  CONTENTS. 

The  contents  of  the  stomach  is  composed  of  the  fluids  secreted 
by  the  pyloric  and  by  the  cardiac  glands  of  the  stomach,  which 
pro\ide  its  active  digestive  ingredients:  it  also  contains  a  portion 
of  the  buccal  secretion  which  has  gained  access  to  the  stomach 
through  swallowing,  but  at  the  time  when  we  recover  the  stomach- 
contents  it  is  much  altered,  due  to  the  digestive  action  of  the  fluids 
secreted  by  the  stomach-glands. 


HETHOD  OF  COLLECTION. 

The  Stomach-tube. — ^The  stomach-contents  is  best  collected 
bv  the  use  of  the  stomach-tube,  which  is  but  a  modifica- 
tion  of  the  tube  first  devised  and  employed  by  the  late  Dr. 
Philip  S.  Physick,  then  Professor  of  Surger}*  in  the  University 
of  Pennsylvania.  Physick  published  a  descriinion  of  his  original 
de\'icc  in  October,  1812,  in  the  '*  Electrical  Repertor}-,'*  voL  iii, 
p.  iii;  but  this  instrument  had  been  used  by  Dr.  Physick  since 
its  first  employment  in  iSoo,  when,  so  far  as  the  records  show, 
he  first  emj.»tic<.l  ihc  stnmach  <>f  its  c<>nttn:s  by  ihis  mc-ihcxl,  and 
inlnxluced  i:i:<»  ilic  stomach  stimulants  :<»  jKiticnts  from  whom 
he  had  rrRiowl  jx'isonous  druirs.  In  i>c;  Dr.  Physick  had 
madf,  in  Paris,  a  s;»ccial  tube  f^r  the  L'v;;ci::it:"ri  nf  the  stomach. 
Julius  Frit-<lLn\vaM*  has  pi:Sli>hc«l  an  ::"iAr«.>::ni:  historic  note 
on  this  instrunu-nt. 

Tills  iiihu  >h« »;:!.!  1..l-  a:  ka>t  75  incht>  :::  Unii-h,  an<l  pnn-jded 
at  om-  cxtrcnrity  v.;:::  tlircr  tVrA^ira:  ^rx-  a:  ::x-  rrnl  of  the  tube, 
the  o::u T  I'.v. )  ;::  i:-  -i.jr.  al.'«>ut  t»r.r  virid  :".vi»  iiuiu^  rts]HCtively 
from  '.\\k:  ti:*.  Ti-.*-  <*.:.ir  t-xtrc-miiy  of  :;u-  tui-i  :-  txT-andA-d.  into 
a  fun::.  1.  •iir  ba-c  "f  \\hi<  ::  :-  frt»:-n  thrtv  :-»  v^wx  \rx\\K>  in  diaiix-tcr, 
and  :;u  :"— :=  n  nf  :h«.-  tubt  be*^Vl■^.n  :!:r  fiinrul  -.vrA  :hv  fintstra 
]- "t  a  t..n<.:::*  (ai:'xr"l  ;::)"u;  <'nr-:\:li  :::•  ::  :n  .:m"k:it.  Many 
<-:".-r.i:- -r-  :  :-!  ^  r  a  t;::.K;  in  -tiii'-n-  ani::"r-'^j  :;>  t.-i-  t\:riniiiv  t«» 
a  :j!.:--  funn- I.  'Vwr  a<  r- »:niiany:nL:  cm*  Y'z.  1  ;r  will  ilh:>:rate 
tiu-  tiiln-  V.:::;  whii  ii   I   haw  h.id  :hi-  n>-:   -.;:'-fa\.:"ry   results. 
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Boas  has  devised  a  special  bulb,  which  is  usually  located  midway 
between  the  ponion  of  the  lube  showing  the  black  circle  and  the 
funnel ;  but  where  the  sole  object  is  merely  to  evacuate  the  stomach, 
I  have  found  this  bulb  of  no  service.  In  fact,  a  tube  with  an 
expanded  portiijn  between  the  funnel  and  the  fenestra  is  often 
most  annoying,  and  I  have  never  found  this  expansion  of  any 
practical  value.  The  foregoing  statements  are  not  to  be  confused 
with  the  employment  of  the  slomach-tube  for  the  ascertainment 
of  the  capacity  of  the  stomach  or  for  the  purpose  of  distending 
this  \iscus  and  thus  outlining  its  position;  in  the  latter  of  which 
instances  air  must  be  forced  into  the  stomach,  but  the  technic 
for  such  procedure  is  not 
within  the  scope  of  this 
volume. 

Countermdications. — 
Among  the  counlerindica- 
tions  to  the  introduction  of 
a  tube  into  the  stomach 
are:  Valvular  heart  disease 
where  compensation  has 
been  lost;  thoracic  aneu- 
rysm; angina  pectoris;  pul- 
monary or  gastric  hemor- 
rhage; severe  bronchitis; 
arteriosclerosis  of  high 
grade;  and  the  various 
febrile  diseases,  including 
pulmonary  tuberculosis. 
The  introduction  of  a  tube 
into  the  stomach  in  this 
latter  condition  is  attended 
with  a  certain  amount  of  risk,  due  to  the  fact  that  tuberculous 
ulceration  of  the  stomach,  while  rare,  may  exist  and  the  organ 
be  perforated.  Perforation  results  from  extreme  retching,  rather 
than  from  the  instrument  itself.  In  one  such  case  I  have  seen 
rupture  of  the  stomach  occur,  and  I  can  recall  two  instances  where 
the  stomach-tube  was  passed  directly  into  an  aneurysm. 

Introduction. —  1.  Place  the  tube  in  a  bowl  containing  warm 
water;  elevate  lis  funnel  end  at  a  distance  of  about  two  feet 
above  the  bowl,  and  pour  through  the  tube  at  least  one  pint 
of  warm  water;  then  allow  the  entire  tube  to  remain  coiled  in 
the  bowl  of  warm  water. 

2.  In  case  the  patient  is  not  confined  to  bed,  direct  that  all 
clothing  around  the  chest  and  abdomen  be  loosened  so  that  the 
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epigastrium  is  covered  by  a  single  layer  of  clothing  composed 
of  a  thin  garment.  The  patient  is  now  directed  to  sit  comfort- 
ably in  a  chair  or  to  be  pillowed  up  in  bed;  where  there  is  some 
objection  to  the  patient  sitting,  direction  should  then  be  given 
to  have  him  lie  on  his  left  side.  Place  a  heavy  towel  over  the 
patient's  chest,  and  pin  it  at  the  back  of  the  neck  in  order  to 
prevent  the  saliva,  which  always  Hows  freely  from  the  mouih 
while  the  tube  is  in  position,  from  soiling  the  clothing  or  causing 
the  patient  discomfort. 

3.  Most  important  in  the  introduction  of  the  stomach-lube 


is  it  to  obtain  the  patient's  confidence  and  to  assure  him,  without 
hesitancy,  that  the  instrument  will  not  harm  him,  and  that  the 
slight  smothering  sensation  and  nauseating  effect  which  it  always 
excites  arc  increased  by  his  own  effort;  and  that  if  he  will  try 
to  control  the  spasm  of  his  throat,  yoii  will  be  able  to  introduce 
the  tube  more  easily,  and  that  the  choking  sensation  will  be 
materially  lessened.  Tiiis  step  performed  well,  all  difficulties 
are  ended  and  the  stomach-lube  is  introduced  wiih  comparative 
ease  in  the  most  hysteric  persons;  neglected,  it  is  always  intro- 
duced with  difficulty. 
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4.  Remove  the  tube  from  the  water,  and  without  drying  grasp 
it  between  the  thumb,  index-,  and  second  fingers  (Fig.  132).  Direc- 
tion should  be  given  to  the  patient  to  open  the  mouth  and  to  lower 
the  chin  slightly,  when  introduce  about  six  inches  of  the  tube,  pass- 
ing it  directly  over  the  tongue  to  the  back  of  the  throat.  The  patient 
is  now  directed  to  swallow,  and  the  tip  of  the  tube  will  immediately 
enter  the  esophagus.     Pass  the  tube  gradually  by  the  thumb  and 


Fir.  13a. — Position  of  the  patient  for  introduction  of  stMinach-tuhc ;  also  meth<Kl  of  pnssinf{ 

tube  into  the  moulli. 


finger,  taking  care  to  exert  force  (^nly  at  the  time  when  the  patient 
swallows — and  he  should  be  directed  to  swaUow  as  often  as  possible. 
Continue  this  introduction  until  the  circle-mark  on  the  lube  (Fig. 
130)  reaches  the  patient's  lips;  then  hold  the  tube  in  position  by 
the  left  hand  and  drop  the  funnel  into  the  receptacle  for  the  fluid. 
At  this  point  in  the  operation  direct  the  patient  to  bend  forward 
and  to  endeavor  to  contract  and  relax  his  abdominal  muscles;  or 
to  cough  slightly  three  or  four  times  in  succession.     Should  these 
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efforts  &Lil  to  expel  the  stomach-contents,  the  operator  should  place 
his  left  hand  o\'cr  the  epigastrium  and  exert  gentle  pressure  whil« 
the  patient  repeals  the  expubive  efforts  previously  described. 

In  rare  instances  it  is  impossible  to  recover  any  fluid  in  this 
manner,  %vhcn  it  is  necessary  to  have, a  glass  containing  jlxs\ 
sufficient  water  to  fill  the  tube  from  its  funnel  to  its  tip.    Eleva.  n.* 


the  funni.1  iind  pour  ihis  (jUiinlity  of  water  in  it,  and  at  the  moment 
all  the  water  cnu-rs  ihc  tube,  the  funnel  is  dropped  into  a  clean 
bowl  ;irnl  iht-  e.\[iulsiw  clTorts  rt'i>catcd  both  by  the  patient  and 
liy  liif  (ipcrrUor  I  l-'ifi.  1,^51  The  watcrlhat  was  introduced  inio  the 
funnel  will  he  expelled.  ;ind  is  likely  lo  be  followed  by  a  free  flow  of 
ihe  nasirie  conlenis.  In  order  lo  prevent  the  gastric  fluid  from  being 
diluted  wiih  the  water  the  funnel  is  ]>laccd  in  a  second  receptacle 
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as  soon  as  the  water  has  escaped;  thus  the  gastric  juice  will  be 
a  correct  represenlative  of  the  stomach's  secretion.  After  the 
gastric  fluid  has  started  to  flow,  it  is  not  likely  to  be  checked,  or 
at  least  to  stop  entirely,  until  the  stomach  is  emptied  of  its  liquid 
substance. 

DijjifuUits. — The  most  common  obstacle  encountered  is  the 
clogging  of  the  fenestra  of  the  tube  with  particles  of  undigested 
food;  and  whenever  this  occurs,  the  lube  must  needs  be  removed 
and  again  introduced,  or  the  funnel  of  the  tube  elevated  and  a  few 
ounces  of  water  poured  into  it.  In  case  the  water  disltKjges  the 
obstruction,  the  stomach-contents  and  water  introduced  may  be 
removed  without  further  annoyance;  but  such  gastric  fluid  is 
of  no  value  for  chemic  analysis.  Should  the  tube  be  introduced 
merely  for  the  purpose  of  removing  mucus  or  chemicals,  this 
process  is  to  be  recommended. 

Aspiration. — Rarely  indeed  will  it  be  found  necessary  to 
employ  aspiration,  and  for  this  purpose  Boas'  bulb-tube  will  be 
found  serWceable  (Fig,  151).  While  the  stomach-tube  is  intro- 
duced, its  proximal  end  is  compressed  and  the  bulb  then  com- 
pressed firmly;  then  clamp  the  distal  end  of  this  bulb,  release  the 
pressure  at  the  proximal  end,  and  permit  the  bulb  lo  expand. 
Through  this  method  a  vacuum  is  created  in  the  lube  which 
favors  the  flow  of  gastric  fluid.  Another  method  which  may 
be  employed  is  to  connect  the  lube  with  an  aspirating  bottle,  such 
as  is  employed  for  the  removal  of  exudates  from  the  pleural 
cavities.  I  have  not  obtainedsatisfactory  results  with  either  of 
these  melho<fs,  and  am  inclined  to  regard  siphonic  aaion  as  pref- 
erable. 

Washing  the  Stomach.— Where  the  stomach  is  washed  out 
merely  for  the  purpose  of  removing  mucus  or  long-retained  food 
or  for  its  psychic  effect  upon  the  patient,  the  lube  should  be  intro- 
duced as  previously  described,  and  its  funnel  held  at  a  point  about 
four  inches  above  the  level  of  the  patient's  mouth  (greater  ele- 
vation may  induce  gastric  pain  and  is  liable  to  excite  violent  spasm 
of  the  stomach).  Then  the  funnel  should  be  filled  with  warm 
water  and  the  water  allowed  lo  flow  gradually  into  the  stomach. 
In  this  manner  500  lo  1000  c.c,  of  fluid  may  be  introduced,  but 
in  order  that  this  quantity  be  taken,  the  expression  of  the  patient 
must  be  watched  carefully,  and  upon  the  slightest  evidence  of 
discomfort  or  of  retching  the  tube  should  I)e  clamped  below  the 
funnel  and  the  flow  discontinued  tor  a  few  seconds,  when,  in 
the  majority  of  instances,  the  introduction  of  the  fluid  may  be 
continued  without  special  annoyance  to  the  patient.  In  order 
to  remove  this  fluid  direct  the  patient  to  lean  forward  and  drop 
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rne  r-r.r.el  !::::■  i  T*i<iei  5Li::»iiz:£  i:  !Li  fe^t.     Tbe  f'id  will  flow 
in:  J   lie   vesiei   zn.:*-uillT  -viiii.u:   n':-:=:r  ii:e   nbe.  and  the 


recea:=^:  :-^:.  :t  ev-rn  iire^.  i=ie<  a:  i  izxic  inr^.cuction  of  ihe 
:ube. 

ReoiOTal  of  Poisons. — Iz  iner^rcirz  ::  renove  pois^a  from 
the  stomach  ::  ii  "rvell  :;  ir.rricuct;  i*  nuch  Trarm  waier  as 
pcsiihLe  hr:::r=  j.::err. p::r.z  ::■  iz.c:'cri^  the  -o**-  of  :he  gastric 
crr.ter.rs.  I:  ii  zncliiilLv  :rr.ri:5ii':Le.  izi  ilwa^Ts  exrremelv 
rii.T.c-!:.  Vj  err.rcv:he  K:rr.j.>:h  :f  i*-i  ::-.:ir:i  :r^:ugh  :he  scomach- 
tiiV^  i::er  a  full  rr.cal:  J^i  ^hen  :>J?  :?  r.tcessary.  ::  is  well  first 
to  :n  iuce  vo—J'inz  e:±rr  hy  :he  iri-kir.i:  •::  I:«:u:«i<    warm  mus*- 

tarf  r-'iztT     :r   by   the   2.~iru5:rj::on   of  apo- 
zr.  \  rC'  ~  1  rt    ^  "^riLiri  i  '•"t*  '<ie  rrr.i  ciiil v 

RemoTal  of  the  Tube. — Gra^o  the  lube  at  a 

r  'ir.t  abi'-it  three  :r.:h.>  liit^nt  fr»?r:i  :he  patient's 

y4|K        ^^      —  *-*.h.  2r. :  c  -r.r tl<5  ::  r.rrr.Iy  bet'.vten  the  thumb 

j^Jj'j      VKi     ^"  •  if.  ivxr.r.jcT:   :h.r.    •  ::h.in-.v  the  tube  grad- 

W^      ^B^     '-'^-*-'  —  -  '  ^-  *  — -'^--^  -h-*  t  r«.<5ure  until  the  tube 

:?  returr.ei  ir^t^  :hc  ;-r  :r.  v.  hich  i:  was  pbced 
:>r.r:r.it:^:c!y  bef -^rc  ::^  :r.:r.>iuv:tion.     Where  no 

O'Z^^        fi-i  \  hi<  rxvr*  ''bt^ine-:  fr=  rt  the  stontach  the  tip 
(d  '.'?.*:  turjc   is  h^.1  i  .  wr  a   receptacle  and  the 
y^gv     pressure  rckasol  in  :hc  h.  pe  that  a  small  quantity 
^?BJ1    of  iTistric  r.'Ji  i  n.iy  have  btrn  contained  in  the 
^■6^    tub'.-  :ip.'!  v.: 'I  in  :h:'=  v.\iy  be  recovered. 
J   ,  .  ,  Cleansing  the  Tube. — The  ttibe  may  at  times 

'•'    r>-   :\\:zz\\   '■'.'r.    ..    -  \rr,^\\:    oi    ixu\,    and 

•  B 

-:.  ■■..  I  ::  :r-  :::::■■ '-^:-  !■.-  :  >  .:>:  'i^t-  ::::>  substance 
/.■ '  !•  ■•":*. r.:'  ':j-  w:.-.-  .  :<  ::; j::  ->  :  ---:  .v  .:"  :  ::..:r.z: ::  with  water, 
*'.'■  f.r.r.'l  -;i'.-;Ii  b--  -  :■:  l- :\W  I  .v.>:-,  i  :  ■  '/r.^j  .':h!jr  i-xtremc,  in 
i!.'  },'i:;'-  'ii'it  ::.••  ( o-.l/r.- ■!  f -'  i-  '.f  .-:;■!:  ::.:ji'  iimi  aid  induced 
by  !:i<-  [;;i'irn^  r:\:iy  ;:< « .,:-pii Ji  :h;.  ^r.  \,  s;>»i:M  it  be  imp<■)S- 
.Jb^■  To  'l:*l';fiL'«'  *bf  'b-T'ii  :i'.n  i:i  '.:::-  r-.inrur,  remove  the  tube 
;nid  r'»f::|,r(-^  i*  UrnAy  b'tv.vtn  :::c  tiy.irib  an.l  index  finger, 
!>' :')rii;in'/  ;it  it^  :i;»  and  L'r.idiially  tx^TTiir.i:  Inward  the  funnel; 
<'if:i|.r<  i'.ri  and  iKodrratr  .-irilihin-j  «'i"  liu-  lubi'  will  usually 
di  I'id:'c  ii.i<  -iib-tanM-.  Ran-lv  i:  i-  r.(<c*>arv  t<>  <lisl()d<re  the 
'ill  M'jfilfi'/   parJi'lr  nf   fr,o(l   by  air-pri— u:r,   for  which   {niq.>()se 

l''»|:t/.  t'     \,:\'.'  V.  ill  In-  found  nf  MTv'fr. 

Einhorn's  Instrument.  KinlioiTi  ai'U'n  arcs  a  most  increnious 
d<\iir  .'Ii'/.  I  u;  f'>r  tin-  purf)OM'  '»f  n<  oxt-rin-j:  small  <|uantities 
of  iiiii(|  from  flic  >tf)rna(li  in  person-^  v/hcrt'  iIktc  exist  certain 
« oiintriindii  ation^     to    llu-    introduction    of    the    stomach-lube. 
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rius  instrument  consists  of  a  silver,  olive-shaped  vessel,  eleven- 
sixteenths  of   an  inch   long  by  five-sixteenths  of  an  inch  at  its 
greatest  width.    The  opening  of  this  instrument  is  rather  large, 
and  immediately  above  it  there  is  attached  a  silver  thread  i6 
inches  in  length.    The  instrument  is  swallowed  for  the  whole 
iength  of  the  thread,  and  should  it  not  pass  for  that  distance,  it 
is  to  be  understood  that  the  instrument  has  not  yet  reached  the 
stomach.    Allow  the  instrument  to  remain  in  the  stomach  for 
five    minutes,  when  remove  by  gentle  traction  upon  the  silver 
thread. 

'  By  this  method  it  is  usually  possible  to  obtain  sufficient  gastric 

^^id  for  the  purpose  of  testing  for  free  hydrochloric  acid,  lactic 
^^ic3,  and  possibly  for  the  total  acidity;  yet  it  is  apparent  that  but 
^  limited  quantity  of  fluid  can  be  obtained  through  the  use  of  this 
^'^^trument. 

TEST-MEAL. 

The  secretion  of  gastric  juice  is  continuous,  but  the  quantity 

^*^^t  we  are  able  to  obtain  with  the  stomach-tube  is  usually  small, 

^^'^cept  during  the  process  of  digestion,  and  for  this  reason  it  is 

P^'i'eferable  that  the  stomach-glands  be  stimulated  to  activity  before 

^titempting  to  collect  the  gastric  fluid.     The  most  efficient  and 

t^ractical  method  whereby  we  can  accomplish  this  end  is  through 

^he  administration  of  a  test-meal;    although  glandular  activity 

of  the  stomach  is  to  be  accomplished  by  thermic  and  electric 

stimulation   to   this   viscus.     The  test-meal,   furthermore,   gives 

an  idea  of  the  secretory,  resorptive,  motor,  and  digestive  powers 

of  the  stomach. 

The  results  of  chemic  analysis  of  the  gastric  juice  will  be  found 
to  fluctuate  greatly,  depending  upon  the  character  of  food  admin- 
istered at  the  test-meal.  It  has  been  found  that  starches  and  fats 
stimulate  gastric  secretion  but  moderately,  but  that  a  profuse 
secretion  follows  the  ingestion  of  protcids.  The  gastric  fluid  is 
influenced  by  the  taking  of  fluids  at  the  time  of  the  test-meal,  or 
immediately  before  the  gastric  contents  is  collected.  Again,  the 
height  of  digestion  will  be  found  to  vary  in  time  after  the  adminis- 
tration of  a  test-meal,  this  variation  depending  upon  both  the 
quantity  and  the  character  of  the  food  ingested.  The  various 
investigators  have  endeavored,  therefore,  to  recommend  a  test- 
meal  of  definite  composition  and  volume,  advising  that  the  gastric 
contents  be  withdrawn  at  a  certain  time  after  the  administration 
of  this  meal.  I  have  deemed  it  profitable,  therefore,  to  describe 
the  following  test-meals: 

Ewald-Boas'  Test-breakfast. — The  test-breakfast  of  Ewald 
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ilt.z  Iryxs^  r.r-=lKi  ::  :=  :.  i'  ~^^-i  -  -^  '-i  ""^ea:  bread  and 
icc  !'.  -ICC  ..:.  '.zrz  izi  .C't-' -  '" ::  :~:  ^liiici  •::  Tarer.  Weak 
•,^  v.:r.'--:  T-xir  rr.^v  i^  r-i-s'-r-Tfi  :.r  iht  Tiier.  This  meal 
t.-'.-^:  ->:  iLT-^r^i'-rre-i  ^^irlv  ji  -.jir  rr.  irilrz.  -Ahtc  the  stomach 
\\  tTT.yy.  Lr.*:  "'>::. rt  ir.v  :xo  :r  L  .ui  i  Ll^  i-rr"  rikec.  The  plan 
''':..'.:.  1  .'-i- 1  id'.i:rd  !=  fj-?:  ::  -iiz  :-:  :hr  ?::r--ach  ihorougfaly, 
:i/..r.i-  Jire: -1  r.  ::e —  :  : :  the  .•-i- :: :y  : :  r^s  ihj::  escaiies  upon  the 
;r.:r'y: -::■'.-  .:  :?.•:  ".-"-•r:  izi  ;  .:  the  ~.;:-j  c:n:a:ned  in  the 
v.-i-r.;r.2.  The  :e^:-r-.vil  is  r..""  iri'e".  the  z^tie:::  being  directed 
to  *.-^:  '.:.-:  :j7t2L'L  =.-v..y  27.1  t:  =.:  t.-.e  ~  iter  •^^r.iie  eaung. 

C'.i!:'.:  the  rirtrt:  extents    ze  h  ur  i^rtcr  the  test-meal  has 

Riegers  Test-dinner.— The  ti7?t-:.'r.r.vr  •::  Rie^el  consists 
'yf  4CC  .-',.  :  t.f  r. '  2.  f  =  t:: .  idc  :rtirr.?  -  z.  '^f  beef-steak.  50 
^rr^rr.-    :.-  '  a.    -::  vhcat  r^rei  :.  ir. :  zdc  ;.:.      r.c  gLss   of  water. 

(?/.'.-:".  th^-  Jto-T.ich-:  r.ter.t:^  :  ur  h  ur?  ifter  the  meal  has 

\j*:*r.    'j'.'.f.T.. 

Caution. — The  rtei-:  sriver.  it  thi?  rrteil  sh-uld  t>e  chopped 
fir.'iv.  ]':<  T.ar.i'.I'-s  of  r^.v^t  rb?tr-:t  the  1-rttr.  of  the  stomach- 

Boas'  Test-breakfast. — Bo^s*  te?t-hrtakfa>t  consists  of 
o;i?rr.»:ji  -'/j:j  a  L':-;i-ry^.'r.f-:I  ''■i  r  !l'.-i  '-.-.ts  :r.  ''•nt-  liter  of  water, 
ly/i'l':'!  '^iov.rs  t'i  -co  f .«  . — 17  :^  '  z.  ir. :  .-ur:":i:i:r.r  salt  added  to 
nr;'l'  r  ?:.*:  -'/jp  pilat.'i'jle.  In  th:>  rttt.vl  \U\i<  object  was  to 
obv;;iN-  \\io  intr^iu'^ti^in  of  lactic  ai.ii  v.i:h  the  te>t-meal,  and,  by 
:i\'i\*V.Tx*j  ^Pr-'i'i,  v.hirh  C'»n:a:r-  a  C':r.:i:r.  arr.r.urt  of  lactic  acid, 
'■).'..  »:.'!  !-  ;:''o:-:.l:rh'y!.  This  tv-t-' ^•■.:•:!::^t  :-  nKCSsarv  onlv 
V  ;.'  T'  /  ;  '!'  '.T' '\  v»  '-tirr::::-;  "[hv  '.■.;.:::•!;;."  :  I..::!'-  aci'i  present; 
:-.:.''.  :,•  r-  •;."-  I-: r. '.■.'. !'.■':::•.■  N  r<.-:'-!rv  :,;•;-■'!!:■'  '".Msh  the  slumach 
*:.',:'.  .'J'. \-:  •;.♦:  r.'.'/iW  \,*\  >z*:  \:.*:  ;:':"::r:-T.;:!   n  «  f  the  lesl-break- 

f  '.!!"■  •'.•■  I'l-T.''   r/.n'rn:-  '.r.--  :.  '.;r  .::'"■. r  '.r.e  r-.eal  has  been 

t.i; .  :.. 

Salzcr  Test-meal.— T:.»-  fl  iiiM.-  •.-:-:..•.  :I  "f  Sj.l/ir  cnnsists 

''I  :i  '/:•■;  i'-:  '  '.f  \^j  L'r;:::i-  .  i  f.^.  ■  ^.f  Iv  .::.« '-i  1  rui-t-ln-ef.  which  is 

f\i' ']']'' '\     :::.'  ,"<  n'ly  ::r:f  rv»t  t"  "bs:rii<  *.  *.:>•  l'.::v.v.r.  '-t  I  he  stomach- 

''i'/'      .'■  iii  .  .-'o  ' .' .    s  il.  o/..  ;    ri<  •-,  50  Lrr.r^^-  ■■  1.7  oz.  ;   and  a 

',1'  l,'.l''l  ('/\f.     I'll  if  li')!:r-  l.iltr  'in.-  Iv.vjM-IiMii^  lest -breakfast 

'  ''ll«'t  th<  /.i-tri'  f'.ril''ni^  one  h'»;:r  l;ii»r— fivr  h^urs  after 
til'    ;t'l:;;ifi.  'r.itlnn  df  ilu-  fir-t  rnc.'il. 

'I  iii'.ii"h  ihi  «loiil»li-  tr-i -nu'.'il  liir  LM-'ri'  i'.:i(  e  i-  <i])tained  at 
til'-  li«  i:'fi'  'ii  fhi'rii'iM,  .'irifl  thr  -toMLn  h'-  p«»\vrr  of  motility  is 
;il  'I    ;iii|iHM';ifr(|,    which    rnoiih'ty    iimlcr    nnrrnal    conditions    is 
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sufficient  to  have  removed  the  firsl  meal  tntireiy.  Whenever 
the  gastric  contents  is  found  to  contain  panicles  of  meai  admin- 
istered with  the  first  meal,  ihe  motor  power  of  the  stomach  is 
diminished. 


CHARACTERISTIC  FEATURES  OF  THE  GASTRIC  JUICE. 

The  gaslric  juice,  when  pure,  is  an  almost  clear,  faintly  yellow 
liquid,  having  a  sour  tasle,  a  peculiar  odor,  and  a  specific  gravity 
varj'ing  between  1.002  and  1.003.  "^he  reaction  of  ihe  gastric 
juice  is  acid,  due  to  the  presence  of  hydrochloric  acid,  and  is 
found  to  contain  about  0.5  per  cent,  of  solids. 

Amount. — Bidder  and  Schmidt  conclude  that  the  gastric 
juice  secreted  during  the  twenty-four  hours  is  equivalent  to  about 
one-tenth  the  body  weight ;  while  Beaumont  estimates  the  quantity 
of  gastric  juice  at  180  grams  a  day.  There  can  be  but  little  doubt 
that  the  quantity  of  gastric  juice  secreted  varies  widely  both  in 
health  and  in  disease;  and  that  such  conditions  as  diet,  e-wrcise, 
general  nutrition,  and  environment,  as  well  as  age,  sex,  and 
occupation,  all  influence  maierially  the  glandular  activity  of  the 
stomach.  Boas  claims  that  from  20  to  50  c.c.  (i  fl.  oz.)  should 
be  e."ttracted  from  the  stomach  of  a  heahhy  individual  one  houi 
after  the  ingestion  of  Ewald's  test-meal;  and  I  have  always  found 
it  possible  to  extract  this  quantity  of  fluid  under  similar  condi- 
tions. It  is  usually  possible  to  recover  from  i  to  50  c.c.  of  fluids 
from  a  stomach  during  the  non-digesting  period.  The  quantity 
of  fluid  obtained  after  a  Icsl-meal  is  governed  by  the  motor  [xiwer 
of  the  stomach;  the  size  of  the  stomach;  the  degree  of  transuda- 
tion; the  degree  of  resorption;  by  the  fluid  ingested  with  the  test- 
meal;  the  power  of  contraction  of  the  stomach,  and  the  activity 
of  the  gastric  glands. 

Excess. — An  excessive  quantity  of  gastric  juice  is  to  be 
found  in  connection  with  a  hypersecretion,  and  may  occur  only 
at  certain  periods,  or  in  rare  instances  this  may  be  constant.  It 
is  impossible  to  establish  a  diagnosis  of  hypersecretion  except 
where  Ihe  gastric  fluid  is  withdrawn  and  caR-fully  measured  at 
various  hours  during  the  day,  at  which  times  from  100  to  1000 
c-c.  of  pure  gastric  juice  are  to  be  obtained  from  the  so-called 
non-digesting  stomach.  It  is  also  well  to  empty  the  stomach 
before  retiring,  and  again  to  insert  the  lube  in  the  morning  after 
a  night's  rest.  In  this  way  it  is  possible  to  recover  an  excess  of 
gaslric  fluid  during  the  course  of  certain  pathologic  conditions; 
but  it  is  hardly  probable  that  such  fluids  are  always  true  gastric 
juice. 
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GASTRIC   CONTENTS. 


HOTOR  POWER  OF  THE  STOHACH. 

The  motor  power  of  the  stomach  should  be  such  as  would 
rid  ihis  riscus  of  all  particles  of  food,  or  practically  all  solid 
particles,  within  a  period  of  six  hours  after  the  administration  of 
Riegel's  test-meal.  It  should  also  be  found  empty  in  from  one 
and  one-half  to  one  and  three-fourth  hours  after  the  ingestion  of 
Ewald's  te-st-meal. 

Clinical  Significance.— The  food  will  be  retained  in  the 
stomach  for  an  abnormally  long  period  wherever  diktarion 
exists,  such  retention  varjing  in  time,  dependent  upon  the  d^ree 
and  character  of  the  dilatation.  Where  the  dilaution  is  extreme, 
it  is  possible  to  recover  from  the  stomach  great  quantities  of  food, 
some  of  which  may  ha^e  been  eaten  several  days  before. 

Food  may  be  recovered  from  the  stomach  in  from  twelve  to 
twenty-four  hours  after  it  has  been  taken  in  cases  of  acute  gas- 
tritis, and  less  often  is  this  so  in  subacute  gastritis.  The  food 
may  be  retained  in  the  stomach  where  a  simple  atony  exists. 

Leube's  Method. — The  stomach  is  thoroughly  emptied 
through  the  stomach-tube  and  then  Riegel's  test-meal  adminis- 
tered. Six  hours  later  reintroduce  the  stomach-tubt  and  with- 
draw as  much  as  possible  of  the  stomach-contents;  then  introduce 
about  300  c.c.  (10.14  fl-  oz.)  of  warm  water  through  the  tube; 
withdraw  this  quantity.  Rei»eat  this  washing  two  or  three  times 
until  no  particles  of  food  escape  through  the  tube  and  the  wash- 
water  is  clear. 

Should  this  washing  contain  only  minute  particles  of  food, 
the  motor  power  of  the  stomach  is  normal.  This  method  is  highly 
practical  on  account  of  its  ease  of  execution,  and  in  my  experience 
has  given  most  satisfactory  results. 

Ewald-Sievers'  Method.— This  method  depends  upon  the 
fact  that  salol  is  broken  up  into  phenol  and  salicylic  add  when 
introduced  into  an  alkaline  medium;  and  thai  whenever  this 
change  is  ciTectcd,  the  salicylic  acid  is  eliminated  through  the  urine 
in  the  form  of  salicyluric  acid.  The  time  at  which  the  salol 
passes  from  the  stomach  (an  acid  medium)  into  the  intestine  (an 
alkaline  medium)  is,  therefore,  placarded  by  the  appearance  of 
salicyluric  acid  in  the  urine. 

A  capsule  containing  i  gram  (15  gr.)  of  salol  is  administered 
after  a  full  meal.  Collect  in  separate  bottles  a  portion  of  the 
patient's  urine,  voided  one-half  hour,  one  hour,  one  and  one- 
half,  two,  twelve,  and  twenty-four  hours  later.  These  different 
specimens  should  all  be  tested  for  the  presence  of  salicyluric  add: 
Place  a  few  cubic  centimeters  of  the  filtered  urine  in  a  test-tube^ 
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and  to  it  add  a  small  quantity  of  a  solution  of  scsquichlorid  of 
iron.  Salicyluric  acid  causes  a  violet  color  with  ihis  reagent 
(see  Urine,  page  256), 

Clinical  Significance. — After  the  introduction  of  the  capsule 
of  salol  into  a  normal  stomach  a  positive  reaction  is  given  with 
the  urine  voided  from  forty-five  to  seventy-five  minutes  laltT, 
and  where  the  reaction  is  retarded,  the  motor  power  of  the 
stomach  is  diminished.  The  specimen  of  urine  obtained  at 
the  end  of  the  twenty-four  hours  should,  imder  normal  con- 
ditions, give  a  negative  result,  showing  that  the  salol  had  been 
eb'minaled  prior  to  the  secretion  of  this  specimen.  Where  gastric 
dilatation  exists,  the  urine  may  give  a  positive  result  after  twenty- 
four  hours.  Failure  to  obtain  a  reaction  for  salicyluric  acid  with 
any  of  the  specimens  collected  during  the  twenty-four  hours  points 
to  pyloric  stenosis. 

Fallacies. — It  is  to  be  borne  in  mind  that  salol  is  rarely 
decomposed  in  the  stomach  through  the  agency  of  alkaline  mucus, 
which  expedites  the  reaction  for  salicyluric  acid.  The  intestinal 
fluid  may  be  acid  in  reaction  as  a  result  of  fermenialive  changes 
(acetic  and  butyric  fcnnentation).  This  condition  delays  the 
reaction  for  salicyluric  acid. 


RESORPTIVE  POTER  OF  THE  STOHACH. 

The  resorptivc  power  of  ihc  stomach  is  best  ascertained  in  the 
following  manner:  Just  prior  to  the  taking  of  a  full  meal  a 
capsule  containing  o.a  gram  of  potassium  iodid  is  given.  The 
saliva  is  now  to  be  tested,  at  intervals  of  from  two  to  four  minutes, 
for  the  presence  of  potassium  iodid,  by  strips  of  filter-paper  wet 
with  stock  solution.  When  the  resorptive  power  of  the  stomach 
is  normal,  the  paper  takes  on  a  violet  color  in  from  seven  to  eleven 
minutes  after  the  ingestion  of  the  capsule;  and  in  from  seven  and 
one-half  10  fifteen  minutes  a  blue  tint  may  also  be  found. 

Clinical  Significance.— The  resorptive  |>owcr  of  the  stomach 
is  delayed  in  gastric  dilatation  and  in  carcinoma.  A  less  marked 
retarding  of  the  apiwarance  of  potassium  iodid  in  the  saliva  is  to 
be  found  in  chronic  gastritis,  and,  at  times,  where  gastric  ulcer 
exists.     Exceptions  to  this  rule  are  by  no  means  uncommon. 


GtJNZBURG'S  METHOD  FOR  INDIRECTLY  EXAMINING  THE 
GASTRIC  JUICE- 

Giinzburg  suggested   the  following  method   for   the  indirect 
examination  of  gastric  contents  of  persons  wherein  there  existed 
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some  countcrindicalion  to  the  use  of  the  stomach-tube:  Place  a 
tablet  comaining  0.2  to  0,3  gram  of  potassium  iodid  in  an  estremdy 
thin  but  well- vulcanized  piece  of  rubber  tubing,  which,  when  the 
ends  of  the  package  are  folded  neatly,  will  vary  from  2  to  aj  cm. 
in  length.  Around  this  tubing  arc  tightly  tied  two  or  more  threads 
of  fibrin  which  have  been  previously  treated  with  alcohol.  Giinz- 
bur^  has  advised  that  each  package  be  placed  in  warm  water  for 
several  hours  before  use,  and  that  later  this  water  be  examined 
for  the  presence  of  polassium  iodid.  In  the  event  of  no  iodid 
being  present,  the  package  is  considered  fit  for  use.  The  bands 
of  fibrin  are  dissolved  when  brought  in  contact  wilh  free  hydro- 
chloric acid,  and  their  dissolution  is  indicated  by  [he  appearance 
of  the  potassium  iodid  in  the  saliva. 

The  patient  is  previously  prepared  and  given  Ewald's  test- 
breakfast  (p.  315);  forty-five  minutes  later  he  is  permitted  to 
swallow  the  packet  containing  the  potassium  iodid.  Examine  the 
saliva  for  the  presence  of  potassium  iodid  al  intervals  of  from 
twelve  to  fifleen  minutes.  It  may  at  limes  be  necessarj'  to  continue 
these  examinations  for  a  period  of  six  hours  before  a  positive 
reaction  for  iodid  will  be  obtained. 

Clinical  Significance.— When  this  packet  is  introduced  into 
a  normal  stomach,  the  siiliva  should  give  a  positive  reaction  for 
potassium  iodid  after  a  period  of  one  to  one  and  three-quarter 
hours  has  elapsed.  When  hyperchlorhydria  is  present,  the  re- 
action may  be  tardy,  appearing  in  from  two  and  one-half  to  four 
hours.  .\  similar  result  is  also  witnessed  when  h\-pochlorhydria 
exists.  When  a  positive  reaction  is  not  given  by  the  saliva  for  a 
period  of  from  five  to  six  hours  after  the  ingestion  of  the  packet, 
anchlorhydria  probably  exists. 

GUnzburg's  packets  are  prepared  abroad,  and  for  this  reason 
have  not  come  into  common  use  in  America. 


CHEMISTRY  OF  THE  GASTRIC  CONTENTS. 

The  gastric  juice  consists  of  water,  free  hydrochloric  add, 
ferments,  zymogens,  and  mineral  acids;  but  an  accurate  analysis 
of  the  normal  human  gastric  fluid  is  impossible,  since  this  fluid 
is  always  contaminated  with  an  admixture  of  saUva.  It  has  been 
possible  I<i  obtain  an  analytic  report  of  analyses  of  the  gastric 
juice  in  a  ca.w  suffering  from  gastric  listula,  and,  according  to 
Schmidt,  the  following  table  will  designate  the  solid  constituents 
jx.'r  thousand  parts  of  gastric  juice: 
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Water 9944 

Solids 5.6 

Orsanic  material 3.  ig 

Sodium  chlorid i  .46 

Calcium  chlorid 0.06 

Potassium   chlorid 0.55 

Ammonium  chlorid not  given. 

Hydrochloric  acid 0.2 

Calcium  phosphate        | 

Magnesium  phosphate  !•  o- 1  ^ 

Iron  phosphates  j 


^^   is  to  be  borne  in  mind  that  in  the  foregoing  analysis  it  was  im- 
Po^ble  to  exclude  from  the  gastric  juice  the  buccal  secretions; 
'^^Mce  the  table,  more  correctly  speaking,  represents  the  chemic 
^^^Xistituents  of  the  gastric  fluid  when  mixed  with  saliva. 


ACIDITY. 

Schmidt  has  satisfactorily  shown  that  the  acidity  of  normal 

itric  juice  depends  upon  the  presence  of  free  hydrochloric  acid. 

oicpcrimentally  it  has  been  demonstrated  that  by  determining 

^*>e  amount  of  chlorin  and  basic  constituents  present  in  the  gastric 

3vjice  the  latter  substances,  after  having  been  thoroughly  saturated, 

^till  permit  a  quantity  of  hydrochloric  acid  to  remain.     In  the 

^og  this  varies  between  0.25  and  0.42  per  cent. — average,  0.35 

per  cent.     It  is  generally  conceded  that  the  acidity  of  pure  gastric 

juice  is  dependent  upon  the  presence  of  free  hydrochloric  acid, 

but  when  contaminated  with  saliva  or  mixed  with  foods  in  the 

various  stages  of  digestion,  other  factors  are  to  be  taken  into 

consideration. 

After  the  ingestion  of  food,  a  var\ing  amount  of  lactic  acid, 
derived  from  the  carbohydrates  and  acid  salts,  is  also  present; 
in  fact,  Ewald  regards  the  gastric  acidity  during  the  early  stage 
of  digestion  as  depending,  in  a  variable  measure,  upon  the  presence 
of  lactic  acid.  It  is  to  be  borne  in  mind,  however,  that  hydro- 
chloric acid  is  also  present  at  this  stage  of  digestion,  but  it  prob- 
ably exists  in  rather  close  combination  with  albuminous  sub- 
stances. Whenever  the  albuminous  substances  present  in  the 
stomach  have  become  saturated,  hydrochloric  acid  appears  in 
the  gastric  contents,  and  this  appearance  is  followed  by  a  les- 
sening in  the  formation  of  lactic  acid;  the  quantity  of  the  latter 
gradually  decreases,  since  hydrochloric  acid  inhibits  tlic  develop- 
ment of  the  micro-organisms  concerned  in  the  production  of  lactic 
acid.  The  degree  of  acidity  to  be  noted  at  the  difTcrent  stages 
of  digestion   is  illustrated  by  the  accompanying   charts,  which 

have    been    designed    by    Rosenheim    (Figs.    135,    136).      In 
21 
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disease  the  quantity  of  free  hydrocliloric  acid  may  display  wide 
variations,  and  in  extreme  conditions  it  may  be  absent  (gastric 
carcinoma),  or  even  reach  a  maximum  point  of  0.5  per  cent. 
(gastric  ulcer).  Again,  the  quantity  of  lactic  acid  which,  under 
normal  conditions,  is  but  slight  or  absent  during  the  height 
of  digestion,  is  often  found  increased,  and  fatty  acids  are  likely 
to  be  present  at  this  time. 

The  total  acidity  of  the  gastric  contents  will,  therefore,  be 
seen  to  depend  upon  the  presence  of  some  one  or  more  of  these 
acids,  but  a  high  degree  of  acidity  does  not  point  directly  to  the 
presence  of  any  one  acid  in  excess,  and  it  is,  therefore,  necessary 
to  determine  the  presence  or  absence  of  the  various  acids  and  of 
acid  salts  in  order  to  determine  upon  what  particular  substance 
present  the  acidity  depends. 

Tests  for  Free  Acids. — i.  Test  the  gastric  contents  with 
litmus-paper. 

2.  The  next  step  is  to  determine  whether  the  acidity  present 
be  due  to  free  acids  or  to  acid  phosphates:  (a)  Dip  about  one  inch 
of  a  slip  of  Congo-red  test-paper  into  the  gastric  fluid,  when,  in 
the  presence  of  free  acids,  this  paper  is  turned  blue — ^a  change 
not  induced  by  acid  phosphates;  but  should  combined  hydrochloric 
acid  also  be  present  in  a  large  amount,  this,  too,  will  cause  a  blue 
reaction. 

Congo-red  Test-paper, — Place  one  decigram  of  Congo  red 
in  lOD  c.c.  of  water;  cut  bibulous  paper  in  narrow  strips,  and 
soak  them  in  this  solution,  from  which  they  are  to  be  removed  and 
allowed  to  dry  in  the  air.  Place  in  a  colored,  glass-stoppered 
bottle. 

Congo-red  test-paper  is  less  delicate  than  when  the  same 
reagent  is  employed  in  solution,  and  will  only  indicate  the  presence 
of  o.oi  per  cent,  of  hydrochloric  acid;  but  by  using  a  weak  solu- 
tion of  Congo  red,  0.0009  per  cent,  of  hydrochloric  acid  may  be 
detected.  This  is  accomplished  by  adding  one  or  more  drops  of 
the  Congo-red  solution  to  from  5  to  10  c.c.  of  the  filtered  gastric 
juice.  In  the  presence  of  free  acids  a  blue  color  develops  which 
will  be  seen  lo  vary  through  the  successive  shades  from  that  of  a 
sky-blue  to  a  deep  azure. 

Place  5  c.c.  of  the  gastric  fluid  in  a  test-tube  and  add  to  it  a 
small  amount  of  calcium  carbonate.  Should  eflfervescence  occur, 
free  acid  is  [)rcsent.  Filler  this  fluid,  and  should  the  filtrate  still 
retain  its  aridity,  acid  phosphates  are  present;  free  acids  being 
neutralized  by  calcium  carbonate,  while  acid  phosphates  are  not 
materially  iniluenced. 

Clinical  Siij^ni/icancc. — A    negative   result   is   conclusive   e\i- 
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deuce  that  peptic  activity  is  absent,  since  pepsin  is  active  only  in 
solutions  that  contain  free  acids.  A  positive  reaction  calls  for 
further  tests  to  determine  the  presence  of  free  hydrochloric  acid, 
lactic  acid,  or  fatty  acids. 

Total  Acidity.— Keagenls.—(t)  A  ^  normal  solution  of 
sodium  hyilraie  (4  gm.  in  1000  c.c.  of  distilled  water);  (2}  an 
alcoholic  solution  of  phenolphchalein  (i  per  cent.). 

The  total  acidity  of  the  gastric  contents  depends  upon  the 
following  factors;  Free  hydrochloric  acid;  hydrochloric  acid 
in  combination;  acid  salts,  and  organic  acids  (lactic  and  butyric). 

Estimation. — The  acidity  of  the  gastric  contents  is  ascer- 
tained by  titrating  a  given  quantity  of  gastric  juice  vnth  the  j'y 
normal  srtlulion  of  sodium  hydrate,  a  few  drops  of  the  phcnol- 
phtbalein  solution  having  first  been  added. 

Jaworski  and  Ewald  have  proposed  calling  the  number  of 
cubic  centimeters  of  the  sodium  solution  that  arc  required  lo 
neutralize  100  c.c.  of  the  stomach-contents  the  "degree  of  acidity," 
and,  indeed,  this  method,  if  universally  employed,  would  in  a 
measure  simplify  computation. 

Tichitic.-^i.  Place  10  c.c.  of  the  gastric  contents  in  a  beaker. 

2.  Add  a  few  drops  of  the  phenolphthalein  solution. 

3.  Add  from  a  buret  the  -^^f  norma!  sodium- hydrate  solution 
(a  few  drops  at  a  lime),  stirring  the  mixture  with  a  glass  rod  after 
each  addition  of  the  soda  solution. 

4.  At  the  point  where  the  gastric  contents  assumes  a  dark 
flesh  color  its  acidity  has  been  neutralized  by  the  sodium  solution; 
and  the  number  of  cubic  centimeters  of  the  -^^  sodium -hydrate 
solution  employed  is  read  from  the  buret. 

Let  us  suppose  that  it  required  4.8C.C,  of  the  ^  normal  sodium- 
hydrate  solution  lo  neutralize  10  c.c.  of  the  stomach -contents: 
the  decimal  point  is  then  removed  one  place  to  the  right,  giving 
us  the  figure  48,  which  figure  represents  the  acidity  of  the  stomach- 
contents. 

Normal. — Normal  gastric  juice  will  be  found  to  give  a  figure 
between  40  and  60, 

The  total  acidity  is  also  expressed  in  terms  of  HCI,  and  is 
readily  calculated  according  to  the  well-known  laws  of  molecular 
equivalents  (1000  c.c.  of  the  i^jf  normal  solution  contain  4  gm. 
of  NaOH,  which  is  equivalent  to  3.65  gm.  of  HCI;  should  50 
c.c.  of  the  tV  normal  soda  solution  be  needed  to  neutralize  100 
c.c.  of  gastric  juice,  5^  "'  ^  ''"^'"  ^^  'he  A  n<^rmal  soda  solution 
was  needed,  or  the  equivalent  to  j'j  of  3,65  gm.  of  HCI).  Hence 
the  acidity  of  this  100  c.c.  of  gastric  fluid  is  equivalent  to  that  of 
0.18  gm.  of  HCI;   in  other  words,  the  acidity  is  0.18  per  cent. 
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Under  normal  conditions  the  acidity  in  terms  of  HCl  will  be  founi 
to  approximate  0.2  per  cent. 

Hyperacidity. — ^A  high  figure  is  to  be  obtained  in  cases  ol 
gastric  ulcer,  gastric  dilatation,  gastric  neurosis  (less  often),  a  ind 
where  there  is  a  hypersecretion  of  gastric  juice. 

Under  pathologic  conditions  the  acidity  of  the  gastric  ju5L  ce 
may  not  depend  upon  hydrochloric  acid  alone.  In  fact,  the  to  ^tal 
acidity  may  be  extremely  high  in  gastric  contents  devoid  of  hydg  "o- 
chloric  acid,  but  rich  in  fatty  and  lactic  acids. 

Hypoacidity, — The  gastric  juice  may  rarely  be  of  an  alkalii ic, 

neutral,  or  amphoteric  (changes  red  litmus-paper  to  blue  and  bl 
litmus  to  red)  reaction,  but  it  is  rather  unusual  to  obu 
alkaline  gastric  fluid  through  the  stomach-tube.  The  acidi 
of  the  gastric  juice  is  lowered  in  the  mucous  forms  of  chror 
gastritis,  and  where  there  has  been  a  complete  destruction  of  ti 
gastric  glands.  I  have  found  the  reaction  of  the  gastric  flu 
neutral  upon  several  occasions,  but  without  exception  the  patier 
either  had  taken  a  large  quantity  of  fluid  a  short  time  before  il  ]^ 
recovery  of  the  gastric  contents  or  he  was  sufiFering  from  a  chron  ^^ 
catarrhal  condition  of  the  throat,  and  consequently  swallo^^^I■^  ^ 
an  excessive  quantity  of  buccal  secretion. 

When  the  gastric  contents  is  collected  by  allowing  the  patient  t* 
eject  it  through  the  act  of  vomiting,  an  alkaline  reaction  is  com  ^ 
monly  obtained,  and  this  alkalinity  is  in  part,  if  not  entirely,  du^ 
to  the  admixture  of  secretions  from  the  throat  and  buccal  cavities. 

Amount  of  Hydrochloric  Acid. — In  health,    pure  gastric 
juice  has  been  estimated  by  Ewald,  Boas,  and  Szabo  to  contain 
from  0.2  to  0.3  per  cent,  of  free  hydrochloric  acid.     Such  (juan- 
titics  of  hydrochloric  acid  are  to  be  found  only  in  gastric  juice 
obtained  at  the  height  of  digestion,  after  all  the  albuminous  and 
basic  airinities  have  been  satisfied.     The  exact   period  at  which 
this  height  of  digestion  is  reached  is  governed  by  the  character 
and  the  quantity  of  the  food  and  liquids  previously  ingestecl: 
the  less  work  there  is  to  be  accomplished,  the  sooner  will  the 
gastric  contents  be  found  to  contain  free   hydrochloric   acid  fol- 
lowing the  ingestion  of  food.     Following  the  ingestion  of  Ewald's 
test  breakfast   the  hydrochloric  acid  appears  in   from  thirty  to 
thirty- five  minutes;  iDut  the  point  of  maximum  intensity  is  usually 
reached  in  from  tifty  minutes  to  an  hour,  and  may  correspond 
to  1.7  to  0.17  per  cent.  (Fig.  135).     After  the  administration  of 
Ricgers  meal  the  free  acid  appears  after  one  hundred  and  thirty-five 
minutes,  and  reaches  its  highest  point,  corresponding  to  0.27  per 
cent.,  in  from  one  hundred  and  eighty  to  two  hundred  and  ten 
minutes  (Fig.  136). 


lu,— Illunrallne  ihc  curvi  ol  iddltr  after  EwaM'!!  im-br«iklnsi :  ^,  Hydrocht 
d;-".  lactic  acid;  X,  bcKiniiing  ul  Hie  tlage  ol  Ine  hydtixhloriciicid  |  Rosenheim 


)fi.— DliulraliTiK  (he  curve  at  scidlly  aller  Rirxel's  IHt-meal :  ^.  Hvdiuchlorlc  ( 
'■,  laclkicid;  X.  beginning  uf  IhEbtigeof  [reehydrochioric  acid  (ftoMiilicim), 
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The  following  terms  arc  applied  to  designate  the  degree  or  ' 
proportion  of  hydrochloric  acid  secreted :  Euchlorhydria,  a  secre- 
tion of  the  nonnal  amount  of  free  hydrochloric  acid,  varying 
from  0.1  to  0.2  per  cent.;  hypcrchhrhydria,  ihe  secretion  of  more 
than  o.a  percent.;  hypochlorhydrta,  Ihe  secretion  of  less  than  o.i 
per  cent.;  and  anchlorhydria,  wltere  no  hydrochloric  add  at 
all  is  secreted. 

Euchlorhydria.— This  condition  is  most  frequently  observed 
in  connection  with  nervous  dyspepsia,  and  is  always  to  be  found 
where  no  gastric  derangement  exists. 

Rarely  a  normal  secretion  of  free  hydrochloric  acid  is  found 
where  atony  of  the  muscular  wall  of  Ihe  stomach  exists.  The 
presence  of  a  normal  amount  of  free  hydrochloric  acid  lends  to 
exclude  the  existence  of  chronic  gastritis  and  favors  the  presence 
of  the  so-called  nervous  dyspepsia, 

Hyperchlorhydria. — A  hypersecretion  of  hydrochloric  acid,  as 
a  rule,  indicates  gastric  neurosis,  and  is  commonly  encountered 
in  the  gastric  fluid  of  neurasthenic  persons.  A  hypersecretion 
of  hydrochloric  acid  is  at  times  coupled  with  a  continuous  hyper- 
secretion of  gastric  juice. 

Hyperchlorhydria  is  commonly  encountered  in  cases  of  gas- 
tric ulcer,  and  in  three  instances  I  have  obser\'ed  it  in  gastric 
carcinoma.  Theoretically,  and  probably  in  every  instance  of 
this  nature,  ihc  gastric  carcinoma  was  preceded  by,  and  may  be 
developed  at  the  site  of,  an  old  ulcer. 

Hypochlorhydria. — This  condition  is  associated  with  patho- 
logic states  where  the  secretory  power  of  the  stomach  is  inhibited 
or  lessened  as  a  result  of  disease;  and  is  lo  be  observed  in  con- 
nection wilh  subacute  and  chronic  gastritis,  duodenal  ulcer,  gas- 
tric carcinoma,  dilatation,  atony,  and,  rarely,  in  cases  of  gastric 
ulcer. 

Anchlorhydria. — This  condition  is  most  commonly  met  in 
gastric  carcinoma,  aUhough  an  absence  of  free  hydrochloric 
acid  is  nut  essentially  to  be  found  in  this  disease,  as  has  been 
set  forth  under  hyperchlorhydria.  Anchlorhydria  may  be 
observed  in  connection  with  chronic  gastritis  and  in  neurasthenic 
individuals.  It  will  be  found  that  the  degree  of  acidity  of  the 
gastric  contents  will  fluctuate  within  wide  limits  during  the  course 
of  the  various  chronic  diseases,  and  especially  in  those  placarded 
by  cachexia  ami  emaciation. 

Source  and  Significance  of  Hydrochloric  Acid. — It  is  not 
the  purpose  of  this  volume  to  deal  with  the  physiologj'  of  the 
gastric  secretion  and  of  its  one  important  constituent,  hydrochloric 
add.    It  will  suffice,  however,  to  state  that  the  hydrochloric  acid 
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is  not  derived  from  the  chlorids  ingested;  its  secretion  is  continu- 
ous, and  the  total  acidity  of  the  stomach-contents  in  no  way 
depends  entirely  upon  the  quantity  and  the  quality  of  the  food 
taken.  The  chlorids  of  the  blood  furnish  the  necessary  chlorin 
to  the  gastric  conlcnls.  A  fact  ever  to  be  borne  in  mind  is  that 
the  pyloric  glands  furnish  an  alkaline  secretion,  while  the  glands 
of  the  fundus  furnish  an  acid  secretion.  It  is  thought  that  the 
parietal  cells  are  concerned  in  the  production  of  hydrochloric 
acid-  A  further  and  more  elaborate  description  of  the  physi- 
ology of  this  secretion  has  been  omitted  because  the  entire  sub- 
ject of  the  production  of  hydrochloric  acid  remains  undetermined. 
(The  reader  is  referred  to  special  works  upon  phj-siology  and  phys- 
iologic chemistry  for  a  more  complete  discourse  upon  this  subject.) 

It  seems  clear  that  the  factor  to  be  concerned  in  the  production 
of  hydrochloric  acid  is  a  normal  condition  of  ihe  blood  and  of  the 
secretory  cells.  Experience  shows  that  whenever  any  decided 
abnormality  exists  in  either  the  blood  or  the  secretory  cells,  hydro- 
chloric acid  is  secreted  in  abnormal  quantities;  or,  in  fact,  there 
may  be  no  secretion  whatever.  A  consideration  of  serious  ini- 
fwrtance  is  the  condition  of  the  general  nervous  system,  since 
nenc  energy  figures  largely  in  many  forms  of  gastric  derange- 
ment and  since  the  cells  are  dependent  upon  this  tissue  for  their 
innen-ation.  Circulatory  embarrassment  of  the  stomach  may 
result  in  impaired  nutrition  of  the  secretory  cells,  whether  this 
condition  be  inflammatory  or  otherwise,  and  it  is  for  this  reason 
that  the  gastric  secretion  is  materially  altered  during  the  course 
of  inflammatory  processes  of  the  stomach,  tumors,  congestion, 
and  during  such  chronic  conditions  as  nephritis,  hepatic  cirrhosis, 
pulmonarj'  tuberculosis,  valvular  heart  disease,  and,  in  fact,  all 
conditions  accompanied  by  anemia.  Here  may  be  the  opportune 
place  to  make  mention  of  the  fact  than  an  analysis  of  the  gastric 
contents  is  of  but  limited  value  where  the  patient  is  suffering  from 
anemia,  either  primary  or  secondary,  the  cause  of  which  is  not  of 
gastric  origin. 

Function. — The  reader  is  referrcfl  to  special  works  on  phy- 
siology for  the  functions  of  the  hydrochloric  acid.  From  a  clinical 
as  well  as  from  a  physiologic  standpoint  the  antiseptic  proper- 
ties of  the  hydrochloric  acid  become  of  special  importance. 

It  has  been  shown  by  various  observers  that  hydrochloric 
acid  possesses  a  germicidal  power  under  certain  conditions; 
and  it  has  been  further  proved  that  normal  gastric  juice  destroys 
the  cholera  bacillus.  Streptococcus  pyogenes,  Staphylococcus 
pyogenes  aureus,  bacillus  of  anthrax,  Shiga's  bacillus,  and  numer- 
ous other  pathogenic  bacteria.    It  is  worthy  of  mention  that 
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the  tubercle  bacillus  is  not  destroyed  by  gastric  juice,  and  that 
a  portion  of  the  spores  of  anthrax  escape  destruction  when  placwl 
in  the  gastric  fluid.     Hydrochloric  acid  inhibits  the  development 
of  the  bacteria  concerned  in  the  production  of  lactic  and  butyrio 
acids,   although    these   eventually  escape  complete   destruction, 
since  they  are  always  present  in  the  gastric  fluid  when  the  degretr 
of  hydrochloric  acid  is  at  a  low  ebb,  as  has  been  described  unclex" 
Acidity  (page  321). 

Tests  for  Free  Hydrochloric  Acid. — It  may  prove  of  valu«^ 
to  the  student  to  know  a  number  of  reagents  in  the  order  of  theiir' 
delicacy,  through  the  use  of  which  it  is  possible  to  detect  free  hydro — 
chloric  acid  in  the  filtered  gastric  juice: 

Dimethylamidf>-az<)benzol 0.02  pro  mille. 

Phloroglucin-vanillin 0.05 

Resorcin 0.05 

Congv)  Tvd 

Tropacolin  00 0.3 

Emcrald-grcen 0.4 

Mohr's  reagent i.o 


It       •• 

tt       tt 
tt       It 


Dimethylamido-azobenzol. — This  test  is  extremely  delicate 
and  its  accuracy  has   been  such  that  it  is   personally  recom 
mended  most  heartily  to  the  profession.     To  demonstrate  it 
dehcacy  the  reagent  is  employed  w-here  a  neutral  yellow  indi- 
cator has  been  added,  and  is  changed  to  a  reddish  or  cherry  tinr- 
upon  the  addition  of  but  one  drop  of  a  -^^^  normal  solution  0 
hydrochloric  acid  in  5  per  cent,  of  distilled  water.     A  red  color  ii- 
also  produced  with  orj^anic  acids,  should  they  be  ])rescnt  in  amount? 
ai)ovc  0.5  per  cent.,  but  tliis  reaction  is  prevented  whenever  sinal 
(juantities  of  mucin,  peptones,  or  albumin  are  present;   and  siiuu"^ 
one  or  more  of  these  bodies  are  commonly  present,  it  is  seldom-, 
if  ever,  that  the  reaction  is  caused  by  organic  acids  unless  a  nuicli 
hircjer  amount  is  y)rcsent.     No  color  is  produced  by  the  looscK' 
combined  hvdrochloric  acid  nor  bv  the  acid  salts. 

Method. — Red  incuts. — A  0.5  per  cent,  alcoholic  solution  of 
dimethylamido-azobenzol:  (i)  Place  5  to  20  c.c.  of  filtered 
gastric  contents  in  a  test-tube  (it  is  not  essential  that  the 
contents  be  filtered,  tluuigh  it  is  my  practice  to  fdter):  (2)  hold 
this  test-tube  in  a  good  light,  and  add  to  it,  from  a  pipet,  one  to 
three  drops  of  dimethylamido-azobenzol  solution. 

If  frt'e  hydrocddoric  acid  is  present,  a  cherry- red  color  is 
formed  ( IMatt-  22),  the  intensity  of  which  varies  in  direct  ratio 
to  the  quantity  of  free  arid  present.  Should  there  be  no  free 
hydrociiloric  acid  present,  the  fluid  becomes  cloudy,  at  times 
fluorescent,  or  mav  assume  a  vellowish  tint.     The  reaction  chan«:es 
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to  a  yellow  when  titrated  with  a  decinormal  solution  of  sodium 
hydrate  (hydroxid),  as  shown  by  Plate  22,  C  and  C, 

PhJoroglucLa-Vanillm  Test, — Reagents. — Place  in  a  mortar 
2  gni.  of  phloroglucin  and  i  gm.  of  vanillin  and  dissolve  in 
30  t.c.  of  absolute  alcohol.  This  solution  is  at  first  of  a  yellow 
color,  which  gradually  darkens  to  a  golden-red,  and  if  exposed 
to  the  light,  changes  to  a  brown.  Keep  in  a  colored  glass-stop- 
pered bollle. 

It  has  been  recommended  that  the  two  substances  be  kept 
in  separate  solutions,  and  that  two  or  more  drops  of  each  be  mixed 
when  the  reagent  is  to  be  used. 

According  to  Boas,  the  above  solution  will  be  found  slightly 
more  delicate  and  decidedly  more  staple  when  the  above  pro[X)r- 
tions  of  the  phloroglucin  and  vanillin  are  dissolved  in  100  gm,  of 
80  per  cent,  alcohol. 

Method. — Place  a  few  drops,  or,  if  desired,  a  few  cubic  centi- 
meters, of  filtered  gastric  contents  in  a  dish  or  in  a  test-lube, 
and  10  it  add  an  ei|ual  (juanlity  of  the  reagent.  No  change 
occurs  until  the  mixture  is  gfnily  healeil,— avoid  boiling  and 
ci'aporalion: — when  in  the  presence  of  0.05  per  cent,  or  more 
of  free  hydrochloric  acid  fine  rose-colored  lines  form  throughout 
the  mixture.  I  prefer  lo  carr>'  on  the  reaction  in  a  porcelain  dish 
or  cover  (Plate  23),  allowing  the  evaporation  lo  lake  place  slowly, 
when  a  rose  color  is  indicative  of  the  presence  of  free  hydrochloric 
acid.  The  intensity  of  this  color  varies  in  direct  proportion  to 
the  quantity  of  free  hydrochloric  acid  present.  Should  the  dish 
be  heated  at  too  high  a  temperature,  a  brown,  brownish-yellow, 
reddish,  or  reddish- brown  color  is  obtained;  a  similar  result  is 
at  times  obtained  in  the  absence  of  free  hydrochloric  acid. 

This  reaction  is  not  induced  by  the  presence  of  organic  acids, 
nor  do  they  in  any  way  interfere  with  the  reaction;  neither  is  it 
affected  by  albumins,  peptones,  or  acid  salts. 

Test-paper. — Certain  workers  prefer  to  prepare  a  test-paper  by 
soaking  narrow  strips  of  ash-free  filter-paper  in  the  test  solution, 
and  further  to  prepare  and  employ  this  paper  as  directed  under  the 
dimethylamido-azobenzol  test  (page  328).  After  the  filter-paper 
is  moistened  with  a  drop  of  gastric  fluid  it  is  to  be  placed  in  a 
porcelain  dish  and  heated  gently.  In  the  presence  of  free  hydro- 
chloric acid  a  rose  color  develops  which  is  not  altered  by  ether, 

Resorcin  Test. — Rragrnl. — Dissolve  5  gm.  f-.-  gr.1  of  rcsub- 
limed  resorcin  and  j.  gm,  (4.4  gr.)  of  cane-sugar  in  100  gm. 
(t,.^  oz.^of  04  percent,  alcohol.  Keep  in  a  colored  glass-stoppered 
bottle. 

Reaction. — i.  Place  from  three  to  five  drops  of  the  fihea-d 
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gastric  Juice  in  a  porcelain  dish,  and  to  it  add  an  equal  quantity 
of  the  reagent. 

2.  Grasp  the  dish  firmly  in  a  pair  of  forceps,  and  hold  it 
sufficiently  close  to  the  flame  of  a  Bunsen  burner  lo  cause  a  slow 
evaporation  of  the  liquid,  continuing  the  heat  evaporating  lo 
dryness;  when  in  the  presence  of  free  hydrochloric  acid  a  rose 
or  vermilion-red  mirror  occupies  the  surface  of  the  porcelain  which 
was  at  first  covered  by  the  liquid  (Plate  23). 

Immediately  surrounding  the  mirror  is  a  zone  of  variable 
brown  shade.     The  intensity  of  this  color  fades  upon  cooling. 

It  is  also  possible  to  prepare  test-paper  from  this  reagent, 
and  to  test  the  gastric  contents  according  to  the  tcclinic  described 
in  connection  with  the  dimethylamido-azobenzol  lest.  This 
test-paper,  when  dipped  into  the  gastric  contents,  is  turned  a 
violet  color,  and  later,  upon  the  application  of  heal,  changes  to  a 
brick-red,  which  does  not  change  when  treated  with  ether.  The 
resorcin  test  is  in  no  way  influenced  by  the  presence  of  organic 
acids,  albumins,  peptones,  or  by  acid  salts.  It  has  been  used 
daily  in  my  laboratory  during  ihe  past  five  years. 

Congo-red  Test.^ReagenL — An  aqueous  solution  of  Congo 
red,  i-iooo. 

Mi-lhod. — I.  Fill  the  test-tube  to  one-half  its  depth  with  water 
and  to  it  add  three  drops  of  ihe  reagent  (Plate  23,  B). 

2.  Grasp    this   tube    between    the   thumb   and    index-finger, 

hold  it  in  a  clear  light,  and  allow  one  or  two  drops  of  the  gastric 

contents  to  fall  from  a  pipet.     Hold  the  tube  steady  to  prevent  all 

I  jarring.     Immediately  upon  the  drop  of  gastric  contents  coming 

kin  contact  with  the  red  solution  a  blue  color  is  produced,  the  upper 

F  portion  of  the  liquid  changing  lo  a  pale  and  then  to  a  dark  blue, 

and,   as  the  gastric   contents  traverses  through  the  lower,   red 

stratum  of  the  liquid,  it  leaves  behind  a  faint  blue  track,  collecting 

at  the  bottom  of  the  tube  in  the  form  of  a  light-blue  sediment 

(Plate  33,  B'),    When  the  reactiun  is  allowed  to  stand  for  a  time, 

it  may  at  first  deepen,  bul  later  il  is  noticed  to  fade. 

Congo  red  was  first  recommended  as  a  test  for  free  hydrochloric 

acid  by  von  Hosslin  and  by  Riegel  in  1886,  these  authors  sug- 

Lgcsting  that  it  be  used  in  the  form  of  test-paper.     Through  personal 

|experience  I  have  been  unable  to  obtain  satisfacton.'  results  in 

"  this  manner.     I  have  employed  the  Congo-red  test  in  solution, 

as  above  outUned,  during  the  past  six  years,  and  thus  far  have 

had  no  reason  to  change  to  any  other  test  for  general  routine 

work. 

Fallacies. — True,  indeed,  the  Congo-red  test  is  subject  to 
certain  fallacies,  as  are  most  reactions  for  free  hydrochloric  add, 


ACIDITY.  331 

and  it  is  not  to  be  used  to  the  exclusion  of  all  other  tests.  Per- 
sonally, 1  employ  the  Congo-red  and  the  resorcin  lest  in  every 
instance. 

Organic  Acids. — It  is  worthy  of  note  thai  free  organic  acids 
are  capable  of  changing  Congo  red  to  blue,  but  these  acids  are 
seldom,  if  ever,  present  in  the  gastric  contents  in  sufficient  amounts 
to  induce  this  change.  No  color  change  occurs  with  combined 
hydrochloric  acid,  and  the  reaction  is  not  influenced  by  albumins 
or  by  acid  phosphates  in  such  dilution  as  they  are  met  with  in 
the  stomach-contents- 

TropsoUn  Test, — Reagent. — .\  saturated  alcoholic  solution  of 
tropieobn  00.     This  reagent  is  of  a  brown-yellow  color, 

1.  Place  four  or  5vc  drops  of  the  reagent  in  a  porcelain  dish; 
grasp  the  dish  with  a  forceps,  and  tilt  it  from  side  lo  side  so  that 
the  reagent  may  flow  over  a  tat^e  area  of  its  surface. 

2.  kn  equal  quantity  of  the  gastric  contents  is  now  added,  and 
in  a  like  manner  encouraged  to  flow  over  the  surface  of  the  dish. 

3.  Heat  the  dish  gently  over  a  Bunsen  flame,  avoiding  ex- 
cessive temperature;  in  (he  presence  of  free  hydrochloric  acid 
a  hiac  shade  or  faint  blue  lines  appear.  Boas  has  found  this 
reagent  to  indicate  the  presence  of  free  hydrochloric  acid  where 
this  substance  exists  in  from  0,2  to  0.3  per  cent.  For  practical 
work  this  test  will  be  found  salisfaclon-,  but  in  instances  where 
a  negative  result  is  obtained,  the  more  delicate  reactions  previously 
described  are  to  be  employed. 

A  test-paper  may  be  prepared  from  this  reagent,  and  when 
saturated  with  the  gastric  contents  and  gently  heated,  changes 
to  the  characteristic  lilac  or  blue.  In  the  presence  of  organic 
acids  a  brown  color  develops,  but  this  disappears  upon  the 
application  of  heat;  and  at  no  time  during  the  reaction  is  a  lilac 
or  blue  color  caused  by  organic  acids. 

Hohr's  Test.— Reagent . — Place  a  c.c.  of  a  10  per  cent, 
solution  of  potassium  sulphocyanid  and  0.5  c.c.  of  a  neutral  solu- 
tion of  ferric  acetate  in  a  graduate,  and  to  the  mixture  add  10  c.c. 
of  distilled  water.     This  reagent  is  of  a  ruby-red  color. 

Reaction. — Place  two  to  five  drops  of  the  reagent  on  a  porcelain 
dish,  and  to  it  add  an  equal  quantity  of  the  fihered  gastric  con- 
tents. Place  the  reagent  and  the  stomadi-contcnls  on  different 
sides  of  the  dish  and  permit  them  gradually  to  come  in  contact. 

Free  hydrochloric  acid  induces  a  light  violet  color  which  is 
deepest  at  the  line  of  contact  of  the  reagent  and  the  gastric 
fluid.  When  the  fluid  and  reagent  have  been  well  mixed,  a  deep 
mahogany  color  is  seen.  Ntohr's  test  cannot  be  regarded  as  a 
highly  sensitive  one,  and  while  it  is  not  influenced  by  the  presence 
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of  acid  salts  or  of  peptones,  it  should  nol  be  employed  to  lEi 
exclusion  of  olhcr  tests. 

For  a  description  of  Cipollino's  test  see  p.  533. 

QuaDtitative  Estimation  of  Hydrochloric  Acid. — TSpfer's 
Method. ^Topfcr's  mulhod  for  the  t-stimallon  of  hydrochloric 
acid  in  the  gastric  contents  will  be  fiiund  sullicienily  accurate 
for  practical  laboratory  studies,  and  has  lo  recummcnd  it  the 
important  feature  that  analysis  by  this  method  is  easy  of  gxccu- 
lion. 

Reagmls. — (i)  A  dccinormal  solution  of  sodium  hydroxid 
(sec  page  323).  {2}  A  solution  of  phenolphthalein  (i  per  cent.). 
(3)  An  aqueous  solution  of  alizarin  (i  per  cent.).  (4)  .A.n  alcoholic 
solution  of  dimethylamido-azobcnzol  (0.5  per  cent,). 

The  first  step  in  this  technic  is  to  estimate  the  total  acidity, 
according  to  the  method  previously  described  (page  323),  em- 
ploying a  given  amount  of  gastric  juice.  This  total  acidity 
represents  that  due  to  free  hydrochloric  acid,  combined  hydro- 
chloric acid,  organic  acids,  and  the  acid  Baits  present.  Where 
lactic  acid  and  the  fatty  acids  are  found  to  be  present  in  the  given 
gastric  contents,  it  is  not  essential  that  thtse  be  removed  .before 
estimating  the  hydrochloric  acid.  Alizarin  or  monosulphonate 
of  soda  is  also  employcxi  as  an  indicator,  since  it  reacts  when  in 
an  alkaline  medium.  The  third  step  in  Topfer's  test  is  to  esti- 
mate the  quantity  of  free  hydrochloric  acid,  which  is  done  by 
using  dimethylamido-azo benzol  as  an  indicator. 

Mcllwd.^l'hdcc  from  5  to  lo  c.c.  of  fdtered  gastric  juice  into 
each  of  three  small  beakers,  or,  preferably,  into  three  test-tubes 
(Plate  22). 

I.  To  the  first  of  these  tubes  add  two  drops  of  phcnulphlhalein 
(Plate  32,  A),  when  the  fluid  will  be  seen  to  take  a  light-grayish 
hue.  Titrate  the  solution  in  tube  \  with  a  -jV  normal  solution 
of  sodium  hydrate  until  a  pink  color  appears,  at  which  point  the 
■^  normal  solution  should  be  added,  a  few  dro|K  at  a  time,  until 
a  permanent  red  color  is  obtained  (Plate  zz.  A').  The  process 
of  titration  must  be  continued  until  the  red  color  does  not  disap- 
pear when  the  tube  is  allowed  to  stand  for  a  time  and  ils  contents 
does  not  become  intensified  upon  the  addition  of  a  few  drops  of 
the  sodium  solution  (end- reaction).  Read  from  the  buret  the 
number  of  cubic  centimeters  of  the  -jV  normal  sodium  solution 
that  were  required  to  neutralize  the  linown  quantity  of  gastric 
conienls. 

3.  .\dd  four  drops  of  alii'.arin  solution  lo  the  second  tube, 
when  the  contents  of  ihe  tube  will  assume  a  yellowish  hue  (Plate 
22,  B),  Titrate  this  mixture  with  a  i^  normal  solution  of  sodium 
hydrate  until  a  decided  violet  color  is  obtained   (Plate  23,  B)'. 


M 


A.  UHclmann's  reagent. 

A'.  A  after  the  addition  of  Ruslric  fluid  containinK  la'lir  aciil. 

fl.  Water  to  which  three  dfopa  of  Congo  red  sijlulirm  huve  been  added. 

B'.  Chan(5e  induced  in  B  when  gastric  fluid  containing  (ree  hydnt  hloric  . 
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With  the  aid  of  the  accompanying  illustrations  (Plate  22,  B,  B') 
there  will  be  little  or  no  difficulty  for  the  inexperienced  to  follow 
closely  this  technic. 

3-  To  the  gastric  contents  in  the  third  tube  add  three  or  four 
drops  of  dimethylamido-azobcnzol,  when  a  red  or  rose  hue  is 
produced  (Plate  23,  Cj.  Should  there  be  no  free  hydrtKhloric 
acid  present  in  the  gastric  contents,  a  yellow  instead  of  a  red 
color  follows  the  addition  of  the  dimethylamido-azobcnzol  solu- 
tion. Titrate  this  red  mixture  with  a  -^  normal  solution  of  sodium 
hydrate  until  all  the  red  color  has  disappeared  and  the  liquid 
changes  to  yellow  (Plate  22,  C')- 

Compulalion. — Let  us  suppose  that  10  c.c.  of  gastric  contents 
are  placed  in  each  of  the  three  tesl-lubcs.  In  the  first  10  c.c, 
phenolphthalcin  being  used  as  an  indicator,  it  required  10  c.c. 
of  the  ^a  normal  solution  to  effect  the  terminal  or  end-reaction 
(permanent  red);  but  an  equal  quantity  of  gastric  contents  lo 
which  alizarin  had  been  added  as  an  indicator  required  only  7 
c-c.  to  induce  the  end-reaction-  It  will  be  readily  seen  that  the 
difference  between  the  quantity  of  the  iV  normal  solution  employed 
to  neutralize  the  10  c.c.  of  gastric  contents  containing  phenol- 
phlhalein  and  that  needed  to  neutralize  the  10  c.c.  containing 
alizarin  equals  3  c.c.  This  quantity  of  the  ^^  normal  solution 
(3  c.c.)  indicates  the  amount  required  to  neutralize  the  hydrochloric 
acid  which  was  in  combination   with  albuminous  substances. 

One  cubic  centimeter  of  the  Vu  normal  solution  corresponds 
to  0.00365  gm.  of  hydrochloric  acid;  hence  the  amount  of  hydro- 
chloric acid  combined  with  albuminous  substances  present  in 
the  10  c.c.  of  gastric  contents  examined  is  estimated  by  muhiply- 
ing  0.00365  by  3,  which  gives  0.01095  gm.  of  hydrochloric  acid; 
and  this  figure  is  also  employed  as  0.01095  P^''  cent. 

Combined  Hydrochloric  Acid. — The  total  acidity  of  the 
gastric  contents  depends  in  a  measure  upon  the  presence  of  loosely 
combined  hydrochloric  add,  and  since  this  hydrochloric  acid 
is  essential  to  digestion,  it  is  of  great  importance  to  ascertain 
whether  or  not  combined  hydrochloric  acid  be  present  in  a  given 
gastric  contents,  even  where  free  hydrochloric  acid  be  absent. 
The  presence  of  free  hydrochloric  acid  in  normal  quantities  im- 
plies that  j>eplic  digestion  is  taking  place,  and,  further,  indicates 
that  all  the  albuminous  affinities  present  in  the  gastric  contents 
have  been  satisfied,  free  hydrochloric  acid  appearing  as  such  after 
all  albuminous  substances  have  been  saturated.  Free  hydro- 
chloric add  may  be  absent  and  still  there  may  have  been  a  certain 
quantity  of  hydrochloric  acid  secreted,  and  this  acid  be  in  com- 
bination with  albuminous  substances,  the  amount  secreted  being 


334  GASTRIC    COrJTENTS. 

only  sufficieat  to  satisfy  a  portion,  or  possibly  all,  of  the  albuminous 
afBnilies,  in  which  case  peptic  digestion,  which  is  active  only  in 
the  presence  of  free  hydrochloric  acid,  docs  not  progress. 

It  is  readily  seen,  therefore,  thai  a  knowledge  of  the  combined 
hydrochloric  acid  is  of  great  importance  in  connection  with  most 
gastric  disorders,  particularly  those  wherein  free  hydrochloric  add 
is  absent  from  the  gastric  contents. 

An  entirely  different  condition  exists  where  both  free  and 
combined  hydrochloric  acid  is  absent  from  the  gastric  contents, 
and  implies  that  no  hydrochloric  acid  is  secreted.  Where  this 
condition  exists,  the  stomach  acts  merely  as  a  storehouse  for  pro- 
teids. 

Free  Hydrochloric  Acid. — The  estimation  of  the  free  hydro- 
chloric acid  is  made  for  lo  c.c.  of  the  gastric  contents,  using 
dimethyiamido-azobenzol  as  an  indicator.  Let  us  suppose  that 
3,5  c.c,  of  the  t'j  normal  solution  were  required  to  produce  the 
end  reaction,  then  0,00365  X  3.5  ^  0,011675,  or  0.011675  percent. 

It  will  be  remembered  that  in  ascertaining  the  total  acidity 
of  10  c.c.  of  gastric  contents  10  c.c.  of  a  iV  normal  sodium -hydrate 
solution  were  required,  which,  in  terms  of  hydrochloric  acid,  are 
equivalent  to  10  X  0.00365  =  0.0365  gm.  of  hydrochloric  acid,  or 
0.0365  per  cent.  Deduct  from  this  number  the  sura  of  the  amount 
of  both  free  and  combined  hydrochloric  acid,  0.01095  +  0012575 
~  0.023725;  0.0365  —  0.023725,  or  0.012775  per  ccnl.,  which 
equals  the  percentage  of  addity  due  to  organic  (lactic  and  butyric) 
acids. 

Clinical  Significance. — In  selecting  a  diet  for  an  individual 
where  the  hydrochloric  acid  is  known  to  be  absent  it  is  neces- 
sary to  direct  that  proteids  be  given  in  such  form  as  will  permit 
them  to  be  subject  to  pancreatic  digestion,  obviating  all  possible 
delay.  It  is  in  such  conditions  that  the  administration  of  pre- 
digested  foods  is  indicated. 

.\t  times  it  is  found  that  the  quantity  of  hydrochloric  add 
secreted  is  sufficient  to  satisfy  the  albuminous  affinities  of  a  mod- 
erate-sized meal  in  which  the  proteids  have  been  limited,  and  in 
such  cases,  when  a  suitable  dietary  be  followed,  digestion  may 
go  on  perfectly.  It  is  also  possible  to  give  a  favorable  progno»s 
where  this  amount  of  hydrochloric  acid  is  secreted;  but  where 
there  is  an  absence  of  loosely  combined  hydrochloric  acid,  this 
linding  points  to  a  destruction  of  the  glandular  elements  of  the 
stomach,  In  which  in.stance  prognosis  must,  of  necessity,  be  grave. 

Tests  for  combined  hydrochloric  acid  have  been  described 
in  connection  with  Topfcr's  test  for  free  hydrochloric  acid  (page 
33')- 
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It  is  generally  conceded  that  pi'psin  itself  is  nol  secreted  as  a 
product  of  the  chief  cells  of  the  glands  of  the  fundus,  but  that 
the  zymogen  of  pepsin  (pepsinogen  or  pn>pcpsin)  is  secreted. 
Numerous  experiments  have  proved  this  statement,  and  shown 
that  in  fasting  animab  the  glands  of  the  stomach  do  not  contaiti 
pepsin,  but  a  substance  which  is  not  destroyed  by  sodium  car- 
bonate and  which  is  readily  converted  into  pepsin  when  brought 
in  contact  with  hydrochloric  acid.  It  is  this  substance  which 
has  been  designated  under  the  caption  pepsinogen. 

Pepsin  is  to  be  recovered  from  the  mucous  membrane  of  the 
stomach  during  the  stage  of  digestion,  but  during  the  non-digestive 
stage,  zymogen  is  to  be  recovered.  Zymogen  may  be  found 
coexistent  with  pepsin  in  the  normal  gastric  juice  recovered 
during  the  process  of  digestion.  The  time  at  which  zymogen  is 
transfcrmed  into  a  ferment  is  doubtful.  A  fair  amount  of  evidence 
exists,  however,  to  show  thai  this  change  takes  place  after  it  has 
been  secreted. 

Destruction. — Pepsin  and  the  activity  of  its  ferment  are 
destroyed  by  dilute  solutions  of  alkaUnc  carbonates  or  exposure 
of  a  solution  of  pepsin  to  70"  C.  (158°  F.);  but  pepsin  in  the  dry 
state  is  not  destroyed  by  a  temperature  of  100°  C,  (212°  F.}. 

It  is  to  be  borne  in  mind  that  albuminous  substances  maybe 
digested  by  pepsin  when  in  the  presence  of  hydrochloric  acid  and 
certain  other  acids,  as  sulphuric,  acetic,  phosphoric,  salicyhc,  and 
lactic.  \  solution  of  any  one  of  these  acids  must  needs  be  con- 
siderably stronger  than  is  needed  when  the  acidity  is  due  to 
hydrochloric  acid.  Hydrochloric  acid  requires  from  two  to  four 
pro  mille  to  obtain  satisfactory  results,  but  should  we  employ 
lactic,  12  to  18  pro  mille  would  be  necessary  lo  accomplish  the 
same  end.  In  this  connection  the  experiments  of  Petit  arc  of 
special  importance,  since  this  obsen-er  found  that  a  preparation 
of  pepsin  would  digest  500,000  times  its  weight  of  fibrin  in  a 
period  of  about  seven  hours.  It  is  again  important  that  extremely 
small  quantities  of  pepsin  are  always  capable  of  digesting  large 
quantities  of  albuminous  substances. 

The  quantity  of  pepsin  or  of  its  zymogen  secreted  during  the 
twenty-four  hours  can  only  be  approximated  from  the  apparent 
peptic  acti\'ity,  which  is  estimated  through  the  amount  of  albu- 
minous substances  digested;  and  it  is  to  be  remembered  that  this 
will  be  found  to  fluctuate  within  wide  limits  under  normal  con- 
ditions, depending  in  a  great  measure  upon  the  degree  of  con- 
centration of  the  free  acid  present. 


336  GASTRIC   CONTENTS. 

Clinical  Significance. — While  the  study  of  free  hydrochloric 
acid  and  that  of  pepsin  have  been  considered  side  by  side  in  this 
volume,  it  is  to  be  emphasized  that  the  recognition  of  pepsin  in 
relative  amounts  concerns  us  more  than  does  that  of  free  hydro- 
chloric acid.  It  has  been  stated  that  pepsin  is  formed  from  pep- 
sinogen when  in  the  presence  of  free  acid.  Therefore  the  absence 
of  organic  acids  in  appreciable  quantities  is  conclusive  evidence 
that  free  hydrochloric  acid  is  present  and  that  peptic  digestion 
is  active.  On  the  other  hand,  when  free  hydrochloric  acid  is 
found,  pepsin,  as  a  rule,  is  present,  though  the  reverse  condition 
may  exist.  When  hydrochloric  acid  is  added  to  the  gastric  con- 
tents and  the  fluid  is  then  found  incapable  of  digesting  albumins, 
both  pepsin  and  its  zymogen  are  absent;  but  should  the  zymogen 
be  present,  digestion  occurs  after  the  addition  of  an  acid.  In 
rare  instances  the  gastric  juice  is  found  to  be  capable  of  digesting 
albumins  without  the  admixture  of  hydrochloric  acid,  such  diges- 
tion depending  upon  the  presence  of  pancreatic  secretion. 

Impaired  gastric  circulation  and  nervous  conditions  of  the 
stomach  affect  but  slightly,  if  at  all,  the  production  of  pepsin; 
and  a  dijninution  or  an  absence  of  pepsin  or  its  zymogen  is  refer- 
able to  a  pathologic  condition  of  the  gastric  glands.  These 
features  are  most  valuable  in  distinguishing  between  gastric 
neurosis,  chronic  gastritis,  and  hyperemia  of  the  gastric  mucosa, 
the  result  of  circulatory  embarrassment. 

Test  for  Pepsin  and  Pepsinogen. — Test  a  portion  of  the 
filtered  gastric  contents  for  the  presence  of  free  hydrochloric 
acid.  Should  this  be  present,  proceed  as  follows  for  the  detec- 
tion of  pepsin  and  zymogen: 

1.  Place  25  c.c.  of  the  filtered  gastric  contents  in  a  beaker, 
and  to  it  add  0.05  to  0.06  gm.  of  egg-albumen. 

2.  Place  in  an  incubator,  at  a  temperature  of  37°  to  40°  C 
(98.6°  to  104°  F.),  for  a  period  of  three  hours. 

Under  normal  conditions  this  quantity  of  gastric  juice  thus 
environed  will  have  digested  the  egg-albumen.  Fibrin  and  scrum- 
albumin  may  be  added  instead  of  the  egg-albumen,  the  former 
bi-inij;  digested  in  one  and  one-half  hours,  the  latter,  in  one 
hour. 

Zymogen. — Should  the  gastric  contents  not  contain  free 
hvilrochloric  acid,  giving  negative  results  with  the  resorcin  and 
Congo- red  tests,  ])r()ceed  in  the  following  manner: 

1.  Place  25  c.c.  of  filtered  gastric  contents  in  a  beaker,  and  to 
it  add  from  three  to  five  dro[)s  of  an  official  solution  of  hydrochloric 
acid. 

2.  Add  the  same  quantity  of  egg-albumen,  fibrin,  or  serum- 
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,       albumin  that  was  added  when  hydrochloric  acid  was  present 
f      (0.05  to  0.06  gm.). 

3.  Place  in  an  incubator  at  a  temperature  of  37°  to  40°  C. 
(98.6°  to  104°  F.),  as  described  under  the  test  for  pepsin.  Zymo- 
gen (pepsinogen)  will,  as  a  rule,  be  found. 

Quantitative  Estimation  of  Pepsin.— Thus  far  I  am  not 
aware  of  any  accurate  method  by  which  the  amount  of  pepsin 
nay  be  estimated,  and  the  method  of  Hammerschlag,  herein 
outlined,  is  capable  of  ascertaining  merely  relative  values. 

Place  three  Esbach  tubes  in  a  tube-rack,  and  back  of  these 
tubes  insert  a  piece  of  white  cardboard  upon  which  the  figure 
corresponding  to  each  tube  is  marked,  i,  2,  3.  Rosenburger's 
tube-rack  will  serve  well  for  this  pur{x)se. 

Tube  I. — Place  in  this  tube  a  mixture  of  a  one  per  cent,  solu- 
tion of  serum-albumin  in  4  per  cent,  of  hydrochloric  acid,  filling 
^o  the  mark  U;  then  add  5  c.c.  of  filtered  gastric  juice,  and  place 
in  the  rack. 

Tube  2. — Fill  this  tube  with  the  serum  solution  to  the  mark  U, 
^nd  add  to  it  0.5  gm.  of  pepsin. 

Tube  3. — Fill  with  the  serum  solution  to  the  mark  U,  and  add 
5  c.c.  (i  fl.  oz.)  of  water. 

Place  the  rack  and  its  contained  tubes  at  a  temperature  of 
37°  C.  (98.6°  F.)  for  one  hour,  then  remove,  and  to  each  tube 
add  Esbach 's  reagent  (see  page  211),  filling  to  the  mark  R. 

After  the  addition  of  the  reagent  place  the  rubber  stopper  in 
position,  grasp  the  extremities  of  the  tube  between  the  thumb  and 
index-finger  of  each  hand,  and  invert  the  tube  slowly  several  times 
in  order  to  effect  a  perfect  mingling  of  the  reagent  through  the 
mixture.  Replace  the  tubes  in  the  rack  in  their  respective  pockets, 
and  allow  it  to  stand  at  a  temperature  of  18°  to  20°  C.  (64.4°  to 
68*^  F.)  for  twenty- four  hours.  The  amount  of  precipitated 
albumin  is  read  from  each  tube,  and  that  of  tube  i  and  3  are  com- 
pared by  the  reading  given  by  tube  2,  to  which  0.5  gm.  of  pepsin 
was  added,  and  which  serves  as  the  standard. 

Absence    of   Pepsin. — Jaworski    has    suggested    a    method 

wherein  it  is  possible  to  ascertain  whether  the  gastric  contents 

be  absolutely  free  from  pepsin,  the  enzyme,  and  its  zymogen: 

Introduce  into  the  empty  stomach,  through  a  tube,  200  c.c.  of  a 

decinormal  solution  of  hydrochloric  acid,  and  permit  this  solution 

to  remain  for  one  hour.     Again  insert  the  tube,  and  extract  the 

stomach-contents.     Should  this  fluid  be  found  to  be  free  from 

pepsin,  it  is  indicative  that  both  the  enzyme  and  its  zymogen  are 

absent. 

Test  for  Pepsinogen. — Boas  has  detailed  a  method  of  deter- 
22 
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mining  the  relative  proportion  of  pepsinogen  present  in  the  gastric 
contents. 

1.  Place  in  a  number  of  test-tubes  a  mixture  of  gastric  con- 
tents and  distilled  water,  diluting  the  gastric  fluid  at  different 
strengths  in  these  tubes — e.  g.,  place  in  tube  i  a  dilution  of  1-5; 
tube  3,  i-io;    tube  3,   1-20;    tube  4,   1-30,  etc. 

2.  Place  these  tubes  in  a  rack,  and  number  as  described  under 
the  estimation  of  pepsin  (page  337). 

3.  Add  lo  each  tube  a  delinite  amount  of  egg-albumen. 

4.  Place  in  an  incubator  at  a  temperature  of  37°  to  40"  C. 
(98.6"  lo  104°  FO- 

Noie  carefully  which  of  the  fluids  is  of  sufficient  strength  to 
digest  the  albumin — the  one  of  greatest  dilution  capable  of  accom- 
plishing this  end  represents  the  amount  of  pepsinogen  present; 
the  greater  the  degree  of  dilution,  the  more  plentiful  the  pepsin- 
ogen. 

Chymosin. — The  profession  is  indebted  to  Hammai^tcn  for 
the  original  information  concerning  the  milk-curdling  ferment  and 
its  zj-mogen  (chymosin  and  chymosinogen).  At  present,  Boas 
probably  deserves  credit  for  having  brought  forth  most  of  the 
valuable  information  concerning  this  ferment  and  its  proenzyme. 
The  principal  function  of  these  substances  appears  to  be  exercised 
upon  milk,  or  upon  solutions  containing  a  variable  amount  of 
«,'in,  when  rendered  alkaline  by  preparations  of  litne.  Casein 
I  is  coagulated  when  in  a  feebly  add,  alkaline,  or  neutral  solution. 

The  proenzyme  is  supposed  to  be  formed  by  the  cells  of  the 
gastric  mucous  tissue,  though  a  neutral  aqueous  extract  of  the 
gastric  mucous  membrane  is  not  likely  to  contain  this  ferment, 
but  will  usually  contain  its  zymogen.  The  addition  of  free  hydro- 
chloric acid  is  followed  by  the  appearance  of  the  ferment. 

An  active  solution  of  chymosin  when  in  the  presence  of  free 
hydrochloric  acid  (3  pro  mille)  is  found  to  be  active  when  kept 
at  a  temperature  of  from  37°  to  40°  C.  (98.6°  to  104°  F.};  but 
pepsin,  when  thus  environed,  does  not  induce  destruction.  Again, 
zymogen  is  converted  into  an  active  ferment  when  the  solution 
containing  it  is  alkahnizcd  by  a  solution  of  calcium  chlorid,  thus 
showing  that  in  the  presence  of  such  salt  free  hydrochloric  acid 
is  not  essential  to  this  transformation. 

Both  chymosin  and  its  zymogen  are  physiologically  present 
in  the  gastric  secretions,  thus  rendering  an  accurate  knowledge 
of  the  proportionate  amounts  of  these  bodies  present  of  clinical 
value.  The  detection  of  chymosin  in  the  vomit  serves  as  cne 
of  the  valuable  tests  whereupon  alkaline  vomit  is  determined  to 
be  of  gastric  origin. 
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Qualitative  Tests  for  Chymosin.— i.  Place  5  to  10  c.c.  of 
milk  in  a  tesi-mbc  or  inio  a  Uaker,  and  treat  with  from  three 
to  five  drops  of  lilicred  gastric  juice. 

2.  Place  in  an  incubator  at  a  temperature  of  from  37"  to  40° 
C.  (98.6°  to  104°  F.)  for  fifteen  minutes. 

In  the  event  of  coagulation  having  taken  place  at  the  end  of 
this  period,  the  enzyme  is  present. 

Tests  for  Chyraosinogen.^i.  Place  10  c.c.  of  filtered  gastric 
juice  in  a  lesi-tube. 

2.  Render  the  gastric  conienis  feebly  alkaline  by  adding  two 
or  more  cubic  centimeters  of  a  solution  of  calcium  chlorid  (i  per 
cent.). 

3.  Place  the  mixture  at  a  temperature  of  37°  to  40°  C,  when, 
should  zymogen  be  present,  a  thick,  caseous  coagulum  forms 
within  a  few  minutes. 

Quantitative  Estimation  of  Chymosin.— 1  am  not  aware 
of  any  method  by  which  it  is  possible  to  determine,  with  any 
degree  of  accuracy,  the  quantity  of  enzyme  present  in  a  given 
gastric  contents;  and  it  is  only  possible,  through  the  method  here 
given,  lo  ascertain  merely  relative  values.  Normal  gastric  juice 
will  be  found  to  give  a  reaction  for  the  enzyme  when  diluted  in 
the  proportion  of  1-30  or  even  1-40. 

1.  Place  in  each  of  three  to  six  test-tubes  a  definite  quantity 
of  gastric  juice. 

3.  Place  these  lubes  in  a  rack,  and  label  A,  B,  C,  D,  K,  F. 
Water  is  now  added  to  each  of  the  tubes,  in  such  proportions  as 
will  effect  in  tube  .\  a  dilution  of  1-5;  B,  i-io;  C,  1-15;  and  so 
on.  until  we  reach  a  dilution  of  1-30,  the  minimum  dilution  ai 
which  the  enzyme  should  be  active. 

3.  Add  to  each  of  the  lubes  a  definite  quantity  of  neutral 
milk. 

4.  Place  the  tubes  at  a  temperature  of  from  37°  lo  40°  C. 
(98.6"  to  104"  F.),  and  observe  carefully  the  point  of  greatest 
dilution  at  which  coagulation  takes  place. 

At  times  the  milk  added  may  be  found  of  an  amphoteric 
reaction— (wrw J  red  Ulmus-paper  blue  and  blue  lilmus- paper 
red.  Should  toiigulalion  occur  at  a  dilution  of  1-30,  the  enzyme 
is  present  in  the  minimum  normal  amount. 

Quantitative  Estimation  of  Cbymosinogen. — i.  In  c-stimal- 
ing  the  quantity  of  ihc  zymogen  prvsi-ni,  tubes  arc  arranged  and 
labeled  as  described  for  the  estimation  of  enzyme. 

2.  Place  in  each  of  the  tubes  an  equal  quantity  of  milk, 

3.  Add  the  feebly  alkaline  gastric  juice  to  the  various  lubes  in 
different  quantities,  producing  a  different  dilution  in  each  tube. 
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This  process  is  further  conducted  in  the  manner  described 
for  the  estimation  of  the  enzyme,  allowance  being  made  for  the 
quantity  of  the  alkaline  solution  needed  to  alkalinize  the  gastric 
juice.  Under  normal  conditions  a  dilution  of  from  i-ioo  or  even 
1-150  will  be  found  to  give  positive  results. 

Clinical  Significance. — Zymogen,  when  noted  to  be  present 
in  the  gastric  contents  at  several  examinations  after  the  admin- 
istration of  Ewald's  test-meal,  is  valuable  evidence  and  senes 
to  exclude  the  existence  of  organic  disease  of  the  stomach, 
pointing  rather  directly,  as  it  does,  to  gastric  hyperemia,  neurosis, 
etc.,  conditions  referable  to  disease  outside  the  stomach.  Where 
the  zymogen  is  found  to  be  reduced  to  one-half  that  of  the  normal, 
gastritis  probably  exists.  The  less  marked  the  reduction  in  the 
zymogen,  the  more  favorable  the  prognosis.  A  decided  reduction 
or  an  absence  of  the  zymogen  points  rather  strongly  to  a  severe 
grade  of  gastritis,  which  may  be  accompanied  by  carcinoma,  or 
decided  degenerative  changes  in  the  gastric,  secretory,  or  glandular 
tissues. 

Chymosin  may  be  present  in  appreciable  Or  even  in  nearly 
normal  amount  in  specimens  where  free  hydrochloric  acid  is 
absent;  and  it  is  thought  that  a  step,  at  least,  has  been  achieved 
in  the  direction  of  a  cure  should  free  hydrochloric  acid  appear  in 
the  gastric  contents  as  the  result  of  treatment. 

PRODUCTS  OF  GASTRIC  DIGESTION. 

Proteid  Digestion. — According  to  Nothnagers  ''Encyclope- 
dia,'' the  ''determination  of  the  different  stages  of  hydration  of 
albumin  is  so  far  of  no  practical  value.  In  the  first  place,  the 
'method  for  determining  the  different  intermediar}'  stages  in  the 
digestion  of  albumin  is  too  complicated  for  practical  puq)osc>; 
on  the  other  hand,  an  exact  knowledge  of  these  stages  is  of  no 
value  to  diagnosis.  The  value  of  the  biuret  reaction  is  certainly 
overestimated/'  The  biuret  reaction  is  a  color-test,  and  is  ob- 
tained by  adding  to  the  gastric  contents  an  excess  of  potassium 
hydroxid  and  treating  the  mixture,  while  boiling,  with  a  few 
drops  of  a  i  per  cent,  solution  of  copper  sulphate.  In  the  event 
of  peptic  digestion  having  taken  place,  a  peculiar  pink  or  rose- 
reddish  color  appears  (see  Biuret  Test,  page  217).  A  positive 
biuret  reaction  indicates  that  peptic  digestion  has  taken  place, 
but  does  not  give  us  any  information  as  regards  the  degree  of  the 
digestion  of  the  albumins.  According  to  Riegel,  any  gastric 
contents  will  give  a  more  or  less  typical  biuret  reaction,  but  the 
intensity  of  iliis  result  does  not  in  any  way  inform  us  as  to  the 
strength  of  the  gastric  juice. 
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Albuminoids. — ^Among  the  albuminoids  which  may  be  taken 
into  the  stomach  but  two  of  these  bodies  undergo  gastric  digestion 
(collagen  and  elastin),  and  through  this  process  gelatoses  and 
elastoses  are  formed,  while  keratin  escapes  digestion.  Collagen 
and  elastin  do  not  contribute  to  the  formation  of  heteroproteoses, 
but  protoproteoses  and,  in  turn,  deuteroproteoses  result,  from 
which  peptone  is  eventually  obtained. 

Digestion  of  Carbohydrates. — The  gastric  secretion  is  in 
itself  unable  to  digest  carbohydrates;  but  there  is  evidence  sug- 
gestive of  the  fact  that  a  certain  amount  of  starch  is  transformed 
into  sugar  early  during  gastric  digestion.  This  transformation 
is  dependent  upon  the  action  of  ptyalin,  secreted  with  the  saliva 
and  taken  into  the  stomach  during  the  ingestion  of  food.  The 
action  of  ptyalin  continues  until  at  least  0.0 1  per  cent,  of  either 
free  or  combined  hydrochloric  acid  has  been  secreted.  It  is  to 
be  borne  in  mind  that  a  small  quantity  of  acid  inhibits  this  process, 
since  the  transformation  of  starches  into  sugar  is  most  active  in 
neutral  or  mildly  alkaline  solutions  (see  Saliva^  page  453).  The 
ferment  of  saliva  first  converts  starch  into  soluble  starch,  then 
into  erythrodextrin,  achroodextrin,  and  eventually  into  maltose. 
Where  the  secretion  of  hydrochloric  acid  is  abnormally  great  or 
is  continuous,  the  digestion  of  starch  in  the  stomach  is  soon  ar- 
rested, and  although  a  slight  digestion  of  starch  may  occur,  the 
end-products  of  saccharification  are  not  formed — only  the  inter- 
mediary products  are  to  be  found.  On  the  other  hand,  where 
the  secretion  of  hydrochloric  acid  is  deficient  or  absent,  a  reverse 
condition  is  obser\'ed. 

All-important  in  analyses  for  the  degree  of  digestion  of  starches 
is  it  to  determine  whether  the  end-products  of  starch  digestion 
have  been  produced,  and  whether  any  of  the  intermediary  prod- 
ucts have  been  generated  and  are  now  present,  thus  indicating 
the  degree  at  which  the  process  of  starch  digestion  was  arrested. 

Tests. — The  intermediary  stages  of  carbohydrate  digestion 
are  detected  in  the  following  manner: 

Place  10  c.c.  of  the  filtered  gastric  contents  in  a  test-lube 
and  to  it  add  a  few  drops  of  Lugol's  solution  (iodin,  o.i  part; 
iodid  of  potassium,  0.2  part;  distilled  water,  200  parts).  With 
this  solution  starch  causes  a  blue  color  to  appear;  erythrodextrin, 
a  violet  or  mahogany  brown.  Should  no  color  change  develop 
upon  the  addition  of  Lugol's  solution,  achroodextrin,  dextrose,  and 
maltose  are  present.  Soluble  starch  causes  the  formation  of  a 
blackish-blue  precipitate  with  LugoFs  solution. 

Achroodextrin  possesses  a  greater  affinity  for  iodin  than  for 
any  other  of  the  intermediary  products.     It  is  well  to  add  Lugol's 
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solution  freely  in  order  that  some  of  the  intermediary  products  that 
require  large  quantities  of  iodin  for  the  production  of  the  color 
may  not  escape  notice. 

Both  maltose  and  dextrose  react  with  Fehling's  solution  and 
are  also  capable  of  fermentation.  Dextrose  reduces  Barford's 
reagent :  Place  a  few  cubic  centimeters  of  the  reagent  in  a  test- 
tube;  boil  the  upper  stratum  of  the  liquid,  and  add  to  it  from 
a  pipet  a  small  quantity  of  the  filtered  gastric  contents.  In  the 
presence  of  dextrose  a  precipitate  of  red  cuprous  oxid  is  formed. 
Barjord^s  reagent  is  composed  of  a  i  per  cent,  solution  of  acetic 
acid  to  which  a  0.5  to  2  per  cent,  solution  of  copper  acetate  has 
been  added. 

Clinical  Significance. — In  the  event  of  carbohydrate  diges- 
tion having  been  normal  in  both  the  mouth  and  the  stomach, 
no  color  appears  upon  the  addition  of  the  Lugol's  solution  to  the 
gastric  contents.  The  appearance  of  a  violet-blue  color  upon  the 
addition  of  this  reagent  signifies  that  saccharification  has  been 
incomplete;  and  it  is  then  necessary  to  examine  further  in  order 
to  determine  whether  this  deficient  digestion  of  carbohydrates  be 
due  to  a  deficiency  of  salivary  ferment,  to  a  hypersecretion  of 
hydrochloric  acid,  or,  as  is  rarely  seen,  to  extraneous  causes. 
It  is  common  to  find  the  salivary  ferment  deficient. 

Digestion  of  Fat. — It  has  been  demonstrated  by  Marcet's 
experiments  that  fats  undergo  some  changes  while  in  the  stomach 
— splitting  into  glycerin  and   fatty  acids;    and    it  was  further 
shown  by  Ogata  and  others  that  the  stomach  is  capable  of  causing 
a  slight  disintegration  of  neutral  fats.     Again,  that  from  i  to  2 
per  cent,  of  oil  is  decomposed  in  the  normal  stomach  within  a 
period  of  two  hours;    and  should  the  oil  be  allowed  to  remain 
for  a  longer  period,  due  to  distention  of  the  stomach  the  result 
of  dilatation,  a  large  percentage  of  oleic  acid  may  be  found  present, 
reaching  a  maximum  of  6  per  cent.     The  fat-splitting  power  of  the 
stomach  is  relatively  slight,  and  Riegel's  students  found  that  the 
fat-splitting  ferment  secreted  by  the  stomach  is  active  only  upon 
fats  that  are  well  emulsified.   This  ferment  is  thought  to  be  secreted 
by  the  mucosae  of  the  fundus. 
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Boas  and  other  observers  have  shown  that  the  formation  of 
falty  acids  is  closely  connected  with  that  of  lactic  acid.  Butyric 
acid  is  at  times  derived  from  the  lactic  acid  (Fliigge).  This 
change  probably  depends  upon  the  fact  that  many,  and  possibly 
all,  the  micro-organisms  concerned  in  the  production  of  butyric- 
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acid  fermentation  belong  to  the  class  of  anaerobes.  In  this  con- 
nection it  is  well  to  remember  that  both  the  Oidium  lactis  and  the 
fiacillus  acidi  lactici  develop  in  the  presence  of  oxygen. 

Acetic  fermentation  may  occur  in  the  stomach — a.  process 
supposed  to  take  place  in  the  presence  of  alcoholic  principles. 
This  alcohol  may  not  have  been  introduced  into  the  stomach 
SLS  such,  but  be  the  result  of  acetic-acid  fermentation;  or,  more 
correctly  speaking,  transformed  through  the  action  of  the  sac- 
charomyces  (yeast)  upon  the  sugars  ingested. 

Test  for  Butyric  Acid. — Whenever  the  gastric  contents  is 
found  to  contain  a  large  amount  of  butyric  acid,  it  will  emit  an 
odor  of  rancid  butter. 

Extract  lo  c.c.  of  the  gastric  fluid  with  50  c.c.  of  ether;  evap- 
orate to  dr>'ness,  and  collect  the  residue  with  a  few  cubic  centi- 
meters of  water.  Add  a  trace  of  calcium  chlorid,  and  should 
butyric  acid  be  present,  it  will  be  precipitated  in  the  form  of  small, 
oil-like  globules.  This  precipitation,  consisting  apparently  of 
oil,  will  be  found  to  emit  a  decided  odor. 

Test  for  Acetic  Acid. — Extract  lo  c.c.  of  the  filtered  gastric 
juice  with  ether,  evaporate,  and  dissolve  the  residue  in  a  small 
quantity  of  water.  Neutralize  cautiously  with  a  weak  solution  of 
sodium  hydrate.  In  the  presence  of  acetic  acid  sodium  acetate 
is  formed.  Add  to  the  mixture  a  few  drops  (i  to  3)  of  a  weak 
solution  of  perchlorid  of  iron:  acetic  acid  causes  a  dark-red  color. 
A  weak  solution  of  nitrate  of  silver  will  also  be  found  to  cause  a 
rather  dense  precipitate,  but  this  is  readily  dissolved  upon  the  ad- 
dition of  hot  water. 

Quantitative  Estimation  of  Fatty  Acids. — The  Cahn- 
Mehring  method,  as  modified  by  McNaught,  is  as  follows: 

1.  Ascertain  the  total  acidity  of  10  c.c.  of  the  gastric  fluid 
(see  page  323). 

2.  Place  10  c.c.  of  the  gastric  fluid  in  a  beaker  or  a  dish,  and 
evaporate  over  a  water-bath  to  the  consistence  of  syrup;  dilute 
with  water  and  subject  to  titration,  as  in  estimating  the  total 
acidity. 

Deduct  the  figure  obtained  for  acidity  of  the  second  10  c.c. 
from  that  of  the  total  acidity  for  the  first  10  c.c.  of  filtered  gastric 
contents.  The  difference  is  equivalent  to  the  amount  of  fatty 
acids  contained  in  the  10  c.c.  of  gastric  fluid  examined. 

Estimation  of  Organic  Acids  (Quantitative). — The  method 
of  Hehner-Seemann  depends  upon  the  fact  that  a  quantity  of  a 
decinormal  sodium-hydrate  solution,  when  added  to  organic  acids, 
mixed,  evaporated,  and  incinerated,  permits  the  organic  acids 
to  be  given  oflF  as  carbon  dioxid.     Their  alkali  remains  as  a  car- 
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bonate.     The  amoum   of  carbonate  is  ascertained  by  littation 
with  a  i^j  normal  solution  of  hj'drochloric  acid. 

1.  Place  20  c.c.  of  filtered  gastric  juice  in  a  beaker  and  titrate 
with  a  -^  normal  solution  of  sodium  hydrate. 

2.  Evaporate  to  drjncss  and   incinerate.     Do  not   continue 
I  heating  after  the  ash  fails  to  display  a  radiant  Hame. 

3.  Collect  the  residue  by  taking  it  up  with  water,  then  titrate 
[  with  a  iV  normal  solution  of  hydrochloric  acid. 

Read  from  the  buret  the  number  of  cubic  centimeters  of  the 
hydrochloric- acid  solution  necessary  to  neutralize  the  mixture, 
multiply  by  0.00365,  and  the  product  will  indicate,  in  terms  of 
hydrochloric  acid,  the  amount  of  fatly  acids  present  in  the  ao 
c.c.  of  gastric  juice  examined. 

Clinical  Significance. — Under  physiologic  conditions  fatty 

acids  are  not  present  in  the  gastric  fluid  except  where  abnormally 

large  qunniiiics  of  milk  and  carbohydrates   have  been   taken. 

Fatty  acids  are  not  to  be  found  in  normal  gastric  juice  obtained 

after  the  administration  of  Boas'  test-meal;    nor  are  they  likely 

to  be  found  present  where  there  exists  chronic  gastritis  or  moderate 

dilatation.     Fatty  acids  are  to  be  observed  in  connection  with 

gastric  carcinoma.     Rarely,  butyric  acid  may  be  formed  in  the 

mouth,  but  from  this  source  the  gastric  conlenls  seldom  displays 

more  than  a  trace  of  this  acid.     Again,  the  gastric  contents  may 

give  detiniic  reactions  for  butyric  acid  after  large  quantities  of 

butter  or  other  fals  have  been  ingested,     ,\cetic  acid  is  a  rather 

1  rare  finding  in  the  gastric  contents,  but  when  present  and  not  due 

I  to  the  imbibition  of  alcohol,  its  significance  is  practically  that  of 

I  butyric  acid, 

LACTIC  ACID. 

It  is  generally  conceded  that  the  lactic  acid  found  in  the 
stomach  is  the  result  of  bacterial  development,  such  bacteria 
being  normally  present  in  the  buccal  secretions.  Again,  the  gastric 
conltnis  may  be  found  to  contain  lactic  acid  during  health,  but 
in  such  instances  the  lactic  acid  has  been  introduced  into  the 
stomach  with  the  food,  as  was  described  under  Tcsl-nifats  (page 
315).  The  bacteria  capable  of  forming  lactic  acid  from  carbo- 
hydrates and  from  sugar  are  omnipresent  in  the  buccal  secretion 
and  gastric  contents,  and  induce  acid  fermentation  whenever  sugar- 
bearing  substances  are  ingested. 

Granting  that  a  certain  amount  of  lactic  acid  may  be  introduced 

'   with  the  normal  meal  or  that  sugar-charged  foods  have  been  taken. 

it  is  possible  for  us  to  find  lactic  acid  in  normal  gastric  contents 

early  during  the  course  of  digestion.     By  way  of  repetition,  lei 
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It  be  borne  in  mind  ihat  lactic-acid  fermentation  is  inhibited  by 
the  secretion  of  hydrochloric  acid,  and  that  this  inhibition  is 
perceptible  even  where  the  amount  of  hydrochloric  add  present 
in  the  gastric  contents  is  vciy  small.  The  presence  of  0,7  to  1.5 
pro  mille  of  hydrochloric  acid,  either  free  or  combined,  arrests 
the  process  of  the  lactic-acid  fermentation.  It  is  through  this 
physiologic  secretion  of  hydrochloric  add  that  lactic -acid  produc- 
tion is  discontinued  during  the  latter  stage  and  hdght  of  digestion; 
and  it  is  authentically  stated  that  lactic  acid  docs  not  appear  in 
appredable  quantities  during  the  process  of  normal  digestion. 

Lactic  acid,  even  when  introduced  into  the  stomach  as  such, 
ma>'  be  absent  during  the  latter  stage  of  digestion,  and  where 
the  gastric  contents  is  shown  to  contain  lactic  acid  early  during 
digestion,  its  disappearance  during  the  latter  stage  is  doubtless 
due  to  a  resorption  of  the  lactic  acid  ingested.  Thus,  failure  to 
obtain  a  reaction  for  lactic  acid  under  such  conditions  has  been 
attributed  to  ihe  presence  of  free  hydrochloric  acid,  which  pos- 
sibly interferes  with  the  reaction. 

Test  (or  Lactic  Acid.— Whenever  it  is  desired  to  ascertain 
the  quantity  of  lactic  add,  it  is  necessary,  first,  to  introduce  the 
stomach-tube  and  lo  wash  the  stomach  thoroughly,  employing 
from  eight  to  twelve  ounces  of  water;  withdraw  this  water,  and  in  a 
like  manner  repeal  the  process  several  times  at  a  single  intro- 
duction of  ihe  tul>e  (page  313).  In  this  way  any  of  the  lactic  acid 
that  might  be  present  as  a  result  of  stagnant  material — a  feature 
of  gastric  dilatation— is  removed.  Boas'  test-meal  (page  316)  is 
now  administered. 

Should  there  be  evidence  of  stagnation,  it  may  be  well  to 
cleanse  the  stomach,  as  Just  outlined,  in  the  evening  when  the 
test-meal  is  given.  Collect  the  stomach-contents  the  following 
morning,  before  any  food  or  water  has  been  taken. 

Caution. — Do  not  attempt  to  estimate  the  lactic  acid  of  the 
gastric  contents  unless  the  stomach  has  been  thoroughly  washed 
prior  lo  the  administration  of  Boas'  lest-meal. 

nflFelmann's  Test. — Rftigenls.—ia  l  Saturated  aqueous  solution 
of  the  sesquichlorid  of  iron,  (ft)  Concentrated  solution  of  pure 
carbolic  acid. 

1.  Place  loc.c.  of  watcrina  test-tube,  and  to  it  add  three  drops 
of  solution  (a I  and  three  drops  of  solution  {b)\  shake  the  tube 
gently,  when  the  mixture  assumes  a  bluish-black  color. 

2.  Add  waier,  shaking  thoroughly,  until  an  amethyst-blue 
color  results  (Plate  33). 

3.  Grasp  the  bottom  of  the  tube  between  the  thumb  and  index- 
finger,  bold  in  a  clear  light,  and  add  a  small  quantity  of  filtered 
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gastric  contents.  In  the  presence  of  lactic  acid  the  upper  stratum 
of  the  liquid,  to  which  the  stomach-contents  is  added,  changes 
to  a  canary  or  lemon-yellow  color  (Plate  23). 

Fallacies. — It  is  possible  to  obtain  a  reaction  for  lactic  acid 
with  Uflfelmann's  reagent  when  there  is  present  in  the  gastric 
contents  an  abundance  of  the  butyric  acid,  acid  phosphates, 
glucose,  and  alcohol.  Again,  lactic  acid,  when  present,  does  not 
always  give  a  characteristic  reaction — the  blue  changing  to  gray, 
white,  brown,  or  a  dirty  yellow,  a  feature  not  uncommon  where 
the  gastric  contents  is  rich  in  free  hydrochloric  acid.  In  fact, 
hydrochloric  acid  is  said  to  prevent  the  reaction.  These  diffi- 
culties are  overcome  by  extracting  the  gastric  contents  with  ether, 
through  which  method  the  presence  of  o.ooi  per  cent,  of  lactic  add 
is  detected. 

Place  5  c.c.  of  filtered  gastric  fluid  in  a  glass-stoppered  sepa- 
rating funnel  and  to  it  add  50  c.c.  of  neutral  sulphuric  ether,  and 
allow  it  to  stand  for  one-half  hour.  Then  evaporate  over  a 
water-bath.  Take  up  the  residue  with  5  c.c.  of  distilled  water, 
and  add  this  mixture  to  the  amethyst-blue  solution. 

Kelling's  Test. — Place  i  c.c.  of  the  filtered  gastric  contents 
in  a  test-tube  and  dilute  with  9  c.c.  of  water.  The  mixture  is 
now  held  in  a  clear  light,  and  one  to  three  drops  of  a  5  per  cent, 
aqueous  solution  of  the  sesquichlorid  of  iron  are  added,  one  drop 
at  a  time.  Lactic  acid  causes  a  greenish- yellow  color  to  appear 
upon  the  addition  of  the  reagent,  a  feature  characteristic  of  lactic 
acid. 

Boas'  Reaction. — Aldehyd  is  commonly  met  with  in  gastric 
fluid,  and  sarcin^e  arc  often  found.     Tersely,  Boas'  reaction  for 
lactic  acid  is  to  recover  acetic  aldehyd,  a  substance  detectable 
through  the  employment  of  Nesslcr's  solution,  which  is  made 
as  follows:   Dissolve  2  gm.  of  potassium  iodid  in  50  c.c.  of  water, 
and  add  a  variable  amount  of  iodid  of  mercury,  heating  until 
only  a  portion  of  the  mercury  remains  undissolved.     Upon  cooling, 
add  to  the  mixture  20  c.c.  of  water,  and  place  in  a  glass-stoppered 
bottle.     Two  parts  of  this  solution  are  to  be  added  to  three  parts 
of  concentrated  potassium  hydrate.     After  the  mixture  is  allowed 
to  stand  for  some  time,  filter  and  place  in  a  glass-stoppered  bottle. 

Boas'  reaction  depends  upon  the  fact  that  the  addition  of 
aldehyd  to  Nessler's  solution  causes  a  yellowish  or  reddish  pre- 
cipitate, the  intensity  of  such  color  bearing  a  direct  relation  to  the 
quantity  of  aldehyd  added.  This  test  is  extremely  delicate, 
detecting  one  part  of  aldehyd  in  40,000  parts  of  water. 

Procedure. — i.  Ascertain  the  presence  or  absence  of  free  acids 
by  employing  the  Congo-red  test. 
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2.  In  the  presence  of  free  acids  add  an  excess  of  barium  car- 
bonate; evaporate  lo  c.c.  of  the  filtered  gastric  contents  to  a 
syrupy  consistence  over  a  water-bath. 

3.  Add  a  few  drops  of  phosphoric  acid  to  the  mixture  and  boil, 
when  the  carbon  dixoid  present  escapes. 

4.  Remove  the  mixture  from  the  flame,  cool,  and  add  to  it 
100  c.c.  of  neutral,  alcohol-free  ether;  after  which  the  mixture 
is  shaken  at  frequent  intervals  for  an  hour. 

5.  Pour  oflf  the  ether,  evaporate,  and  take  up  the  residue 
with  45  c.c.  of  water. 

6.  The  mixture  is  now  shaken  thoroughly,  filtered,  and  5  c.c. 
of  sulphuric  acid  and  a  small  amount  of  manganese  dioxid  are 
added  to  the  filtrate. 

7.  Place  in  an  Erlcnmcyer  flask — a  flask  closed  by  a  per- 
forated stopper,  through  which  perforation  passes  a  two-limbed 
glass  tube.  The  longer  limb  connects  with  a  cylinder  into  which 
10  c.c.  of  Nessler's  reagent  have  been  placed.  The  mixture  is 
gradually  heated  to  the  boiling-point,  when  aldehyd,  resulting 
from  the  oxidation  of  lactic  acid  in  the  presence  of  manganese 
dioxid  and  sulphuric  acid,  passes  over  and  induces  a  yellowish-red 
precipitate — aldehyd  of  mercur)'. 

Should  an  alkaline  solution  of  iodopotassic  iodid  be  placed 
in  the  cylinder  instead  of  Nessler's  reagent,  iodoform  is  precipi- 
tated. 

Quantitative  Estimation  of  Lactic  Acid. — The  principles 
outlined  in  the  preceding  qualitative  test  for  lactic  acid  have  been 
applied  by  Boas  for  quantitative  analysis.  The  reader  is,  there- 
fore, referred  to  the  various  steps  in  the  former  test  while  studying 
this  method. 

Reagents. — (a)  One-tenth  normal  solution  of  iodin — 12.65  gm. 
{194.4  gr.),  one-tenth  of  the  molecular  weight  of  iodin  to  the 
liter. 

(6)  One-tenth  normal  solution  of  sodium  thiosulphate — 24.8 
gm.  (382.7136  gr.),  molecular  weight,  to  the  liter. 

(c)  A  solution  of  potassium  hydrate — 56  parts  of  the  salt  to 
icxx)  of  water. 

(d)  Hydrochloric  acid,  of  a  specific  gravity  of  1.018. 

(e)  Starch  solution:  dissolve  5  gm.  (77.16  gr.)  of  starch  in 
100  c.c.  of  warm  water.  Dissolve  10  gm.  (154.32  gr.)  of  zinc 
chlorid  in  100  c.c.  of  water,  and  add  this  mixture  to  the  warm 
starch  solution. 

Method, — The  reaction  is  carried  out  as  described  under 
Boas^  Reaction  (page  346,  steps  1-6). 

7.  Place  in  an  Erlenmeyer  flask,  the  glass  stopper  of  which 
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is  provided  with  two  openings.  Through  one  opening  passes 
a  bent  tube  which  is  connected  with  the  distilling  apparatus. 
The  other  opening  admits  a  glass  tube  to  which  is  attached  a 
rubber  hose,  tightly  clamped. 

8.  Distil  until  from  three-fourths  to  four-fifths  of  the  mixture 
has  passed  over,  avoiding  excessive  heat,  lest  the  aldehyd  be  d^ 
composed. 

9.  To  the  distillate  add  20  c.c.  of  a  -^^^  normal  iodin  solution, 
with  which  has  been  mixed  20  c.c.  of  a  potassium  hydrate  solu- 
tion. Shake  this  mixture  thoroughly,  and  permit  it*  to  stand  for 
from  five  to  ten  minutes. 

10.  The  excess  of  iodin  is  liberated  by  adding  20  c.c.  of  hydro- 
chloric acid;  and  this  excess  determined  by  titration  with  a^ 
normal  solution  of  sodium  thiosulphate.  Continue  the  titration 
until  the  mixture  is  nearly  decolorized,  when  add  a  small  quantity 
of  the  starch  mixture  and  continue  the  titration  until  the  blue 
color  caused  by  the  addition  of  the  starch  has  entirely  disap- 
peared. 

Computation, — Deduct  from  the  number  of  cubic  centimeters 
of  the  normal  solution  employed  (20)  the  number  of  cubic  centi- 
meters of  the  sodium  thiosulphate  that  were  required,  and  this 
difference  indicates  the  number  of  cubic  centimeters  of  the  ^ 
normal  solution  needed  for  the  formation  of  iodoform,  or  the 
amount  of  lactic  acid  that  was  contained  in  the  10  c.c.  of  the 
gastric  contents  examined. 

One  cubic  centimeter  of  the  -^^  normal  solution  of  iodin 
represents  0.003388  gm.  of  lactic  acid;  therefore  multiply  the 
number  of  cubic  centimeters  employed  by  this  figure,  and  the 
product  multiplied  by  10  equals  the  percentage  of  lactic  acid 
present. 

Clinical  Signifiicance. — Normally  appreciable  amounts  of 
lactic  acid  are  not  present  in  the  gastric  contents  recovered  during 
digestion.     Lactic  acid  may  be  ingested  with  the  food. 

A  decided  reaction  for  lactic  acid  points  to  diminution  or  an 
absence  of  hydrochloric  acid  (see  Clinical  Significance  oj  Hydro- 
chloric Ac  id  J  P^K^c  326). 

ACETONE. 

Pathologic  gastric  fluid  may  at  times  contain  acetone.  This 
finding  is  evidence  favoring  j)rimary  disease  of  the  stomach  or 
intestine,  and  is  not  uncommon  in  gastric  cancer. 

Acetone  is  detected  in  this  situation  by  the  application  of 
the  Reynolds-Gunning  test  to  the  distillate;  or  the  filtrate  may 
be  tested  according  to  Denning's  method  (see  UrinCy  page  240). 
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A  variable  quantity  of  gas  is  always  found  to  occupy  the 
stomach,  and  this,  gas  may  have  been  swallowed  or  may  have 
entered  the  stomach  from  the  duodenum.  Again,  fermentative 
processes  may  result  in  the  generation  of  gases  after  the  liberal 
ingestion  of  carbohydrates  or  of  fats.  During  the  processes  of 
proteid  digestion  a  slight  quantity  of  nitrogen,  oxygen,  and  carbon 
dioxid  is  to  be  found  in  the  stomach.  Oxygen,  when  swallowed, 
is  for  the  most  part  taken  up  by  the  blood,  in  return  for  which  the 
blood  gives  up  carbon  dioxid  in  double  quantity.  This  physio- 
logic feature  serves  to  explain  why  carbon  dioxid  is  often  present 
in  large  quantities. 

The  processes  of  fermentation  concerned  in  the  production 
of  both  acetic  and  lactic  acids  are  not  capable  of  forming  gas. 
The  processes  of  fermentation  interested  in  the  production  of 
butyric  acid  give  rise  to  the  formation  of  hydrogen  and  carbon 
dioxid.  Rarely,  under  pathologic  conditions,  marsh-gas  results 
from  the  fermentation  of  cellulose,  but  it  is  questionable  whether 
this  gas,  when  present  in  the  stomach,  has  not  gained  entrance  to 
this  viscus  from  the  intestine.  The  colon  bacillus  may  at  times 
be  concerned  in  gas-production.  Sulphureted  hydrogen  may 
result  from  putrefying  albuminates,  and  its  presence  is  suggestive 
of  gastric  dilatation,  carcinoma,  and  less  often  it  is  found  in  acute 
gastritis.  Gas  is  absent  when  lactic  acid  is  present  in  moderate 
amount. 

Method. — I.  Fill  a  Doremus  ureometer  with  the  fresh,  un- 
filtered  gastric  fluid,  and  place  at  a  temperature  of  40°  to  45°  C.  . 
(104°  to  113°  F.)  (see  Urine,  page  194). 

2.  When  gas-formation  has  ceased,  introduce  into  the  ver- 
tical limb  of  the  tube  a  small  quantity  of  concentrated  sodium- 
hydrate  solution.  Should  the  gas  present  be  carbon  dioxid,  the 
liquid  ascends. 

3.  Other  gas  or  gases  are  estimated  from  the  reading  after 
the  sodium  hvdrate  has  been  added. 

4.  Sulphureted  hydrogen  emits  its  characteristic  odor,  and 
turns  filter-paper  that  has  been  moistened  with  sodium  hydrate 
and  lead  acetate  a  brown  or  blackish  color. 

Clinical  Significance. — Sulphureted  hydrogen  gas  is  a  not 
uncommon  feature  of  the  gastric  fluid  in  gastric  dilatation,  acute 
gastritis,  and  gastric  cancer. 

Where  hydrogen,  carbon  dioxid,  and  ammonia  are  present  in 
large  quantities,  it  points  to  a  deficiency  of  the  normal  gastric 
secretion. 
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MICROSCOPIC  STUDY  OF  THE  GASTRIC  FLUID. 

Gastric  fluid  recovered  from  the  stomach  apart  from  the  pro- 
cess of  digestion  will  be  found  to  consist,  for  the  most  part,  o^ 
mucus  and  of  sahva.     Upon  microscopic  examination,  a  iv^ 
third  objective  being  employed,  there  are  usually  detected  particl 
of  undigested  food;    these  particles,  when  brought  into  foe 
under  a  one-sixth  objective,  will  be  found  to  consist  largely 
elastic  fibers.     Intimately  surrounding  these  particles  of  tiss 
are  to  be  seen  muscle-fibers,  fat-droplets,  crystals  of  fatty  aci 
vegetable   fibers,   starch-granules,  leukocytes,   mucus-corpuscl 
epithelial  cells,  free  nuclei,  and  granular  debris  (Fig.  138). 

The  stomach-contents  may  be  found  to  contain  epithelial  ceL 

recovered  from  the  mouth,  esop 
agus,  or  stomach,  and  cells  derive 
from  the  ducts  or  from  the  glan 
and  supposed  goblet-cells  are  oc 
sionally  found. 

Bacteria.  —  The    bacterid 
present  in  the  gastric  contents  ar 
as  a  rule,  of  no  clinical  significance 
yet  numerous  micro-organisms  ar 
at    times    present,   among   whic 
may  be  mentioned  the  Leptothri 
buccalis,   various   cocci,   the  sac- 
charomyces.  Bacillus  subtilis,  and 
the  Boas-Oppler  bacillus. 

The  Boas-Oppler  bacillus  is 
quite  constantly  present  in  the 
gastric  contents  during  the  course  of  gastric  carcinoma.  This 
bacillus  (Fig.  137)  appears  in  long,  segmented  chains,  which 
often  assume  a  somewhat  tortuous  course;  stains  readily  with  the 
ordinary  anilin  dves,  and  is  not  motile.  This  bacillus  is  found 
present  in  the  gastric  contents  where  free  hydrochloric  acid  is 
diminished  or  absent,  and  where  lactic  acid  abounds.  The 
question  has  arisen  as  to  whether  or  not  the  Boas-Oppler  bacillus 
is  concerned  in  the  production  of  lactic  acid.  It  is  not  uncom- 
mon to  find  rather  dense  aggregations  and  clumps  of  these  bacilli 
disseminated  throughout  the  gastric  contents. 

Clinical  Sif^nificance. — They  are  fairly  constant  in  gastric 
fluid  whenever  lactic  acid  is  plentiful,  but  they  have  not  been 
shown  to  ])e  concerned  in  the  etiology  of  gastric  carcinoma. 

Sarcinae  Ventriculi. — These  organisms  occur  in  the  gastric 
contents  and  are  arranged  in  squares  or  packets;  they  are  to  be 


FiR.  137.— Boas-Oppler  bacillus  from 
near  lop  ot  fluid  Irom  \vashiii>^  in  case 
of  gastric  cancer.  Observation  at  Penn- 
sylvania Hospital. 
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seen  scattered  throughout  the  gastric  coDtents,  and  when  studied 
singly,  Ihey  rt^emble  somewhat  a  miniature  bale  of  culton 
(Fig.'  138). 

Clinical  Significance. — The  gastric  conlenls  may  be  found  to 
contain  few  sarcinae  during  heahh.  They  are  also  found  early 
during  carcinoma,  and  in  pyloric  carcinoma  where  there  is  yet 
a  secretion  of  hydrochloric  acid.  Sarcina;  are  seldom  observed 
in  advanced  gastric  carcinoma.  Their  presence  in  the  gastric 
fluid  is  suggeslive  of  a  distinct  variety  of  fermentation,  yet  Ihey 
arc  by  no  means  constant  where  gastric  fermentation  exists. 

Bile. — The  vomit  may  often  be  stained  with  bile,  and  upon 


microscopic  examination  such  vomil  is  likely  tn  display  crystals 
of  cholestcrin,  leucin,  lyrosin,  and  biliary  pigments.  The  micru- 
chemic  reactions  for  ihc  determination  of  these  substances  liave 
been  described  in  the  Chapter  on  Urinf  (page  239). 

Tissues. — Many  writers  have  described  in  detail  the  finding 
of  shreds  of  tissue,  particles  of  tumors,  etc.,  recovered  through 
the  stomach-tube,  and  such  portions  of  tumors  or  sloughing 
ulcers  arc  of  great  diagnostic  value  when  thus  obtained.  In  case 
the  piece  of  tissue  be  very  small,  it  is  well  to  place  a  portion  of  it 
upon  a  slide,  tease  thoroughly  with  a  needle,  and  then  mount 
in  water,  applying  rather  firm  pressure  to  the  cover-glass.     In 
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this  way  it  is  often  possible  to  secure  a  ralher  satisfactory  specimen, 
which  in  the  case  of  sloughing  gastric  cancer  may  be  composed 
largely  of  epithelial  cells  and  will  display  the  features  common 
to  cancer.  If  there  be  sulTicient  lissue  recovered,  it  should  be 
hardened  and  studied  in  sections  fsce  works  on  pathologj-). 

Il  is  also  possible,  though  rare,  to  recover  shreds  of  mucous 
membrane  from  cases  of  chronic  gastritis  and  from  neurasthenic 
individuals.  Such  tissue,  whenever  recovered,  must,  of  course, 
be  studied  microscopically,  and  careful  note  be  made  as  to  the 
presence  or  absence  of  nests  of  cancer-ccUs,  etc.  A  fact  ever  to 
be  borne  in  mind  is  that  gastric  carcinoma  may  exist,  and  at  - 
the  same  time  there  be  a  slight  sloughing  of  the  mucous  mem-  , 
brane  ebewhere.  It  is  not  possible,  therefore,  to  exclude  the 
presence  of  cancer  where  tissues  recovered  arc  not  found  to  be 
cancerous.  Again,  lissue  thai  has  been  subjected  to  the  action 
of  the  gastric  juice  for  some  lime  is  unfit  for  microscopic  study. 
In  my  own  experience  it  has  been  cvtrcmcly  rare  to  recover  par- 
ticles of  tissue  from  ihe  stomach-wall,  and  I  do  not  recall  a  single 
instance  where  a  diagnosis  was  attained  ihrough  Ihe  study  of 
such  particles  of  tissue. 

THE  VOMIT. 

Odor. — Normal  gastric  juice  has  a  characterislrc  odor,  which, 
while  it  resembles  that  of  acids,  is  unlike  any  other  well-known 
odor.  Pathologic  gastric  fluid  may  emit  an  odor,  due  to  the 
presence  of  certain  gases  previously  described  (page  349).  A 
putrid  odor  is  suggestive  of  pyloric  stenosis,  with  or  without  ulcera- 
tion of  the  gastric  surface.  Following  the  ingestion  of  certain 
foods,  the  gastric  contents  will  be  found  to  display  the  odor 
known  to  such  foods.  The  odor  of  ammonia  is  emitted  by  the 
gastric  contenls  of  uremic  [wrsons,  and  after  the  administration 
of  toxic  doses  of  phosphorus  the  gastric  fluid  will  give  off  an  odor 
of  garlic.     Carbolic  acid  also  lends  its  odor  to  the  vomit. 

The  vomit  will  vary  greatly,  depending  upon  the  conditions 
by  which  it  is  e.xcited;  the  preexislcnce  of  nausea;  the  material 
taken  in  the  stomach  prior  to  vomiting,  and  whether  or  not  the 
vomit  contains  bile,  saliva,  mucus,  blood,  or  fecal  material. 
Again,  material  may  seemingly  be  vomited  which,  in  reality,  ia  j 
simply  regurgitated  from  the  esophagus. 

Vomiting  may  occur  immediately  after  the  ingestion  of  food, 
some  hours  after  taking  food,  or  upon  rising;  which  influences 
materially  alter  Ihe  character  of  the  vomit.  Large  quantities  of 
undigested  food  may  be  vomited  two  or  more  hours  after  the  in- 
gestion of  a  meal,  but  this  obse^^'alion  is  rare  and  occurs  in  cir- 
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riiosis  of  the  stomach.     There  is  at  limes  a  regurgitation  of  food, 

mucus,  and  saliva  where  stricture  of  the  esophagus  or  of  the 

cardiac  portion  of  the  stomach  exists,  but  such  regurgitation,  as 

a  rule,  occurs  soon  after  the  talcing  of  food.     It  is  not  uncommon, 

however,  to  find  food  regurgitated  some  days  after  it  has  been 

lalcen— a  condition  seen   most  often  in  gastric  dlialalion.     Food 

regurgitated  from  the  esophagus  is  distinguished  from  that  ejected 

from  the  stomach  by  the  fact  that  the  latter  may  contain  gastric 

juice  and  biliary  colormg- matter.     During  the  course  of  gastric 

oeiiToses,  ulcer,  acute  gastritis,  and  early  in  chronic  gastritis,  as 


well  as  in  reflex  (spinal)  vomit,  the  food  is  rather  thoroughly 
digested. 

Where  the  nausea  precedes  ihe  vomiting,  the  vomilus  will  be 
found  to  contain  a  large  quantity  of  mucus  and  of  saliva.  It  is, 
therefore,  unsafe  to  form  any  deductions  concerning  the  amount 
of  mucus  found  in  vomited  material. 

Saliva.^Pcrsons  suffering  from  chronic  catarrhal  conditions 
of  the  throat  may  at  times  vomit  almost  pure  saliva.  Reactions 
for  saliva  are  to  be  obtained  in  almost  any  vomit,  and  may  be 
delected  through  the  methods  outlined  under  Saliva  (see  page 
452}- 

Mucus. — The  presence  of  mucus  in  the  vomit  is  of  little 
consequence,  but  where  the  gastric  contents  is  obtained  through 
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the  stomach-tube,  large  quantities  of  mucus  are  to  be  seen  only 
in  pathologic  conditions,  and  are  commonly  suggestive  of  the 
existence  of  mucous  gastritis.  It  has  been  claimed  that  where  the 
gastric  contents  is  purely  mucus,  gastric  dilatation  exists.  Large 
amounts  of  mucus  may  at  times  collect  in  the  stomach  between 
the  stages  of  digestion,  but  this  condition  is  certainly  rare.  In 
addition  to  the  characteristic  appearance  which  mucus  lends  to 
the  gastric  contents,  it  will  be  found  to  react  characteristically 
with  acetic  acid  (see  Urine,  page  262). 

Bile. — The  vomit  is  commonly  colored,  due  to  the  presence 
of  bile,  but  it  is  unusual  to  find  bile  in  the  gastric  contents  that 
has  been  recovered  through  the  stomach-tube,  and  I  recall  but 
a  single  instance,  that  of  a  neurasthenic  female  of  thirty-five  years. 

Bihary  vomit,  when  frequent,  points  to  the  existence  of  ob- 
struction to  the  lower  duodenum  or  upper  portion  of  the  jejunum. 
The  presence  of  bile  in  the  gastric  fluid  is  in  a  measure  indicative 
of  pancreatic  disease. 

Stercoraceous  Vomit. — Stercoraceous  material,  when  vom- 
ited, is  at  once  recognized  by  its  odor  (fecal).  It  is  found  to 
contain  phenol,  indol,  and  skatol  (see  Feces,  page  366).  Bile  and  bile 
acids  may  also  be  present  in  the  fecal  vomit,  which  is,  as  a  rule, 
alkaline  in  reaction  and  occurs  in  intestinal  obstruction. 

Blood. — The  vomit  may  contain  blood  in  a  number  of  con- 
ditions, many  of  which  induce  secondary  gastric  hemorrhage. 
Among  the  primary  causes  of  gastric  hemorrhage  and  the  vomiting 
of  the  blood  are:  gastric  cancer,  ulcer,  traumatism,  the  retching 
of  vomiting,  and  acute  gastritis.  It  is  also  found  secondan  to 
chronic  Bright's  disease,  valvular  heart  disease  where  compen- 
sation has  been  lost,  chronic  lung  disease,  cirrhosis  of  the  liver, 
anemia  (pernicious  anemia,  leukemia,  and  chlorosis),  and,  rarely, 
it  is  the  result  of  vicarious  menstruation. 

Detection. — Should  the  blood  be  present  in  large  quantities, 
it  will  be  found  to  lend  its  color  to  the  vomit,  such  color 
varying  in  intensity  from  that  of  a  dirty-brown  to  a  blackish 
hue.  This  color  may  be  largely  due  to  the  action  of  the  gastric 
juice  upon  the  blood.  It  is  often  possible  to  detect  blood-cor- 
puscles upon  microscopic  examination  of  the  gastric  fluid. 

Minute  quantities  of  blood,  when  present  in  the  gastric  juice, 
are  best  detected  through  the  method  suggested  by  Miiller  and 
Weber:  Treat  10  c.c  of  gastric  contents  with  about  2  c.c.  of 
ether,  shaking  to  elTect  a  mixture.  The  ether  will  be  found  to 
separate  into  a  clear  stratum  when  the  mixture  is  allowed  to  stand 
for  a  few  minutes;  should  this  separation  fail  to  occur,  add  a 
few  drops  of  alcohol.     The  addition  of  ether  causes,  in  the  pres- 
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ence  of  blood-pigment,  a  brownish-red  color  to  develop,  which 
Is  dependent  upon  acetate  of  hematin.  Bile-pigment  causes  a 
yellowish-brown  color.  The  guaiacum  test  (page  31)  should 
also  be  applied  to  the  ethereal  extract.  Spectroscopic  study, 
however,  is  scarcely  practical. 

Klunge's  Aloin  Test. — Dissolve  as  much  aloin  as  will  rest 
on  the  tip  of  an  ordinary  spatula  in  10  c.c.  of  70  per  cent, 
alcohol. 

1.  Treat  the  gastric  fluid  or  feces  as  directed  by  Miiller  and 
Weber,  except  pour  away  the  ether  when  it  collects  at  the  top 
after  the  first  treatment. 

2.  Place  2  c.c.  of  the  ethereal  extract  in  a  test-tube  and  to  it 
add  2  c.c.  of  the  aloin  reagent.  Add  drop  by  drop,  shaking  after 
each  addition,  ten  to  twenty  drops  of  Merck's  oil  of  turpentine. 

3.  Stand  aside  for  a  few  minutes,  when  should  blood  be  present 
the  lower  half  of  the  liquid  becomes  a  rich  cherry-red  color.  In 
the  absence  of  blood  a  violet  color  develops. 

Clinical  Significance, — In  cancer  of  the  stomach  a  positive  reac- 
tion is  obtained  with  both  gastric  fluid  and  with  feces.  Benign 
gastric  and  duodenal  tumors  and  gastric  ulcer  show  an  intermittent 
positive  reaction  with  the  feces.  Negative  results  are  obtained 
with  the  feces  in  cases  of  gastritis  acidi,  hyperacidity,  neuroses  and 
benign  dilatation. 

Pus. — It  has  not  been  my  privilege  to  detect  pus  in  the  gastric 
contents  obtained  through  the  stomach-tube.  It  is  to  be  detected, 
however,  in  cases  of  diphtheric  gastritis,  in  gastric  carcinoma 
located  at  the  fundus  and  lesser  curvature,  and,  according  to 
certain  authors,  the  recovery  of  a  dram  or  more  of  pus  through 
the  stomach-tube  is  of  diagnostic  value  in  this  disease;  but  should 
a  large  quantity  of  pus  be  obtained,  it  would  doubtless  have  gained 
access  to  the  stomach  through  a  fistulous  opening,  and  might 
come  from  the  diaphragm,  Uver,  pleura,  lung,  or  any  of  the  ad- 
jacent viscera. 

Pus  is  distinguished  by  its  microscopic  appearance. 

Parasites. — I  have  found  the  ascaris,  oxyuris,  and  segments 
of  the  tape-worm  in  the  vomit.  Other  observers  have  detected 
the  ankylostomum,  trichinae,  and,  according  to  Simon,  the  Tricho- 
monas vaginalis  has  been  found  present  in  the  vomit  from  a  case 
of  esophageal  cancer. 


CHAPTER  IV. 

THE    FECES. 

By  an  examination  of  the  feces  we  are  able  to  determine  the 
character  of  this  discharge,  and  to  draw  certain  conclusions  as 
to  the  nature  of  intestinal  digestion  or  of  any  derangements  that 
may  be  present;  provided  that  these  derangements  are  accom- 
panied by  abnormalities  in  either  the  physical  or  the  cheraic 
properties  of  the  feces.  At  times  the  feces  may  contain  definite 
products  of  disease,  or  the  pathogenic  organisms  of  disease  may 
be  present :  for  example,  the  intestinal  animal  parasites  and  the 
organisms  producing  dysentery. 

It  is  impossible  to  obtain  much  clinical  evidence  from  the 
study  of  the  feces,  because  we  are  dealing  with  the  last  step  of  an 
extremely  tedious  and  complicated  process,  the  exact  nature  of 
the  previous  steps  of  which  is  not  yet  thoroughly  understood. 
It  is,  therefore,  possible  for  a  slight  pathologic  variation  to  exist 
in  the  feces,  and  for  this  variation  to  escape  our  notice.  Again, 
the  feces  may  vary  within  wide  limits  during  health,  as  to  both 
their  physical  and  their  chemic  properties,  and  this  fact  renders 
it  extremely  difficult  to  draw  well-balanced  deductions,  except 
in  connection  with  a  few  maladies.  The  bulk  of  the  feces  will 
be  found  to  consist  of  undigested  particles  of  food  and  of  un- 
absorbed  secretions  furnished  by  the  various  glands  that  empty 
into  the  gastro-intcstinal  canal,  to  which  may  be  added  a  variable 
amount  of  mucus,  epithelial  cells,  and  bacteria. 

COLLECTION  OF  THE  FECES. 

It  is  preferable  to  have  the  feces  passed  into  a  well-warmed 
pan  or  vessel,  which  should  be  sent  to  the  laboratory  as  soon 
as  possible,  so  that  the  specimen  does  not  become  chilled.  It  is 
of  esi)ecial  importance  that  the  specimen  be  kept  warm  when  we 
are  scarchinL::  for  the  Amoeba  coli  or  any  other  motile  animal 
parasite.  Should  the  specimen  be  collected  from  a  patient  at 
his  residence,  it  should  be  passed  into  a  warm  vessel,  as  previously 
stated,  and  whenever  a  portion  of  the  feces  is  desired  for  clinical 
study,  this  should  be  placed  in  a  wide-mouthed  bottle,  which  should 
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"be  corked  tightly  and  kept  as  warm  as  possible  while  being  carried 
to  the  laborator>\  As  soon  as  the  specimen  is  received  in  the 
laborator\%  the  tightly  corked  bottle  should  be  placed  in  an  in- 
cubator at  a  temperature  of  37°  C.  (98.6°  F.),  where  it  should  be 
kept  until  the  time  for  its  examination. 


GENERAL  CHARACTERS  OF  THE  FECES  DURING  HEALTH 

AND  DURING  DISEASE. 

Frequency. — ^The  frequency  of  the  intestinal  discharges  will 
be  found  to  vary  considerably  in  the  adult.  Children  upon  a 
milk  diet  usually  have  three  or  four  evacuations  of  the  bowel 
daily.  Aduhs  and  children  upon  solid  food  have,  as  a  rule,  one 
or  two  stools  in  twenty-four  hours.  There  arc  certain  individuals 
who  may  have  three,  or  even  four,  movements  daily,  and,  on  the 
other  hand,  it  is  not  unusual  to  find  persons  who  have  a  movement 
of  the  bowels  only  once  or  twice  a  week.  In  one  case  under 
personal  obser\'ation  the  patient  claimed  that  he  had  a  rather 
large  stool  once  in  every  eight  days.  This  man  was  sixty-four 
years  of  age,  a  surveyor  by  occupation,  and,  from  his  occupation, 
was  constantly  walking  over  the  mountains  of  the  eastern  United 
States.  He  died  of  pneumonia  at  the  age  of  sixty-four  years,  his 
final  illness  being  the  first  time  he  had  called  on  a  physician  for 
professional  scr\'ices. 

Pathologic  Frequency. — Pathologic  constipation  may  re- 
sult from  a  variety  of  diseases;  but,  in  a  general  way,  maladies 
beginning  abruptly  are  accompanied  by  constipation,  except 
cholera  and  cholera  morbus.  In  typhoid  fever  and  in  dysentery, 
in  which  frequent  stools  are  characteristic,  the  diarrhea  is  pre- 
ceded by  constipation.  It  is  impossible  to  say  that  any  person 
is  suffering  either  from  diarrhea  or  from  constipation  unless  the 
physician  is  acquainted  with  the  normal  number  of  bowel  move- 
ments for  the  given  individual.  The  quantity  of  material  dis- 
charged at  each  movement  is  likely  materially  to  influence  the 
number  of  the  discharges.  For  example,  in  acute  dysentery 
the  number  of  movements  mav  var\'  from  20  to  200,  or  even  more, 
daily,  but  the  quantity  discharged  at  each  operation  is  extremely 
small  and  may  not  exceed  one  dram.  The  character  and  the 
quantity  of  the  food  taken  will  also  be  found  to  influence  materially 
the  frequency  and  the  quantity  of  the  intestinal  discharges.  The 
grade  of  the  peristalsis  also  influences  the  number  of  stools — 
rapid  peristalsis  exciting  frequent  bowel  movements,  while  slug- 
gish peristaltic  waves  favor  obstipation.  Interference  with  the 
lumen  of  the  intestinal  canal,  from  whatever  cause,  induces  con- 
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stipation  or  obstruction,  depending  upon  the  degree  to  which 
the  caliber  of  the  intestine  is  reduced. 

Cliniod  Significance, — Diarrhea,  when  present,  is  signifi- 
cant of  intestinal  catarrh.  Such  an  intlanmiator>'  process  of 
the  intestine  may  be  the  resuk  of  errors  in  diet,  exposure  to  cold, 
or  the  growth  of  some  infectious  agent:  e\  g..  Bacillus  tj'phosus, 
Amceba  coli,  Bacillus  dysenteriae.  WTiaiever  the  cause,  it  is  to 
be  remembered  that  the  lesions  involve  the  mucosa  of  the  large 
intestine. 

The  stools  are  always  thin,  more  or  less  water>*,  and  in  cer- 
tain diseases  they  have  some  characteristic  features:  e.  g.j  the  pea- 
soup  stool  of  typhoid  fever,  and  the  mucoserous  and  mucosero- 
purulent  stools  of  acute  dvsenter\-.  These  stools  mav  occur  everv 
few  hours  or  more  frequently.  The  stools  of  Asiatic  cholera  are 
characterized  by  their  rice-water  appearance.  The  liquid  portion 
of  such  stools  is  derived  from  the  patient's  blood-serum. 

Drugs. — Drugs  may  also  excite  frequent  bowel  movements, 
and  mav  at  times  cause  a  true  intestinal  catarrh.  In  such  a  con- 
dition  the  stools  closelv  resemble  those  of  acute  dvsenierw 

Constipation. — Obstinate  constipation,  while  it  is  extremely 
troublesome  and  annoying,  may  not  be  of  serious  moment.  It 
is  an  early  and  valuable  diagnostic  sign  of  peritonitis  and  paral- 
vsis  of  the  intestine.  It  is  funher  sucsestive  of  stenosis  of  the 
intestine,  fecal  impaction,  or  complete  obstruction  of  the  bowel. 
Constipation  with  the  passage  of  ribbon-like  stools  points  def- 
initely to  a  progressive   lessening  of  the  lumen  of  the  intestine. 

In  amebic  dv^enterv  there  mav  bo  constination  which  alter- 

•  «  ■  • 

niitfs  with  ixaccrbations  of  diarriu-a — -:\  to  twelve  movements 
d:i:lv.  1:  i>  :rii:M)<>:!.ile  :o  draw  anv  v.r.:\rrsal  c«'nil;:>ions  n^ncem- 
ip.'j  the  v:ir:«)U<  deeree^  nf  o'n>tij>a::«'r..  >:rAe  viwh  ca>e  is  prac- 
tii.illy  a  law  unto  it-elf.  C'»n>tipat:"n  :r.ay  fnr!"n  a  prominent 
frattire  ^f  e-«>pha[real  careinonia  and  ■»!  "lalii^nant  disease  of  the 
>l'»marh  or  the  intestine.  In  siuh  ca>es  it  i<  ;i-*aally  the  result 
of  -*arv;i':on. 

Amount. — Under  normal  contliti<'n>  th.e  a:rM»iini  of  feces 
diiri  :id  .iuriniz  twenty-four  h^'iirs  will  be  f<nin«l  :»>  vary  between  Oo 
and  j>o  'jm.,  an  averaire  of  from  loc  to  jco  l::ti.  TIk*  wide  deijree 
i)i  !!■.;«  r "at i'>n  :-  direitly  inlluenietl  by  tlu-  ci-antity  ami  the  char- 
actrr  of  tin-  i'tiu]  inire-ted,  the  deiiree  of  in'r<t:nal  irritation,  and 
the  fnu'irni  V '.f  the  peri-taltic  waves.  Tn^ler  iMtholoixic  c<^ndi- 
tion-  ::  ;-  :v»:  i:nu>ual  to  fm(l  from  ^co  to  tjco  ^m.  of  excreta 
di-(  harirrd  'l.iilv.  Troiraited  <  »)n>t:i>aii>'n  >^r  a  lemporarv  in- 
h-ii:ial  «)li.-:ru<  li"n  may  be  followed  I'V  a  t^opituis  discharge  of 
fe(  e-. 
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Form. — In  health  the  slool  is  rather  firm  or  mushy,  its  con- 
sistence depending  direclly  upon  the  quantity  of  water  which 
it  contains,  and  this  quantity  of  liquid  is  likewise  governed  by 
the  character  of  the  food  and  the  quantity  of  the  liquids  ingested. 
When  the  patient  is  placed  upon  a  vegetable  diet,  the  slools  will 
be  found  to  contain  about  80  per  cent,  of  water;  when  upon  a 
mixed  diet,  the  quantity  of  water  present  is  somewhat  lessened; 
and  when  the  diet  is  formed  principally  of  animal  proleids,  the 
dejecta  may  contain  not  more  than  60  per  cent,  of  water. 

Scybalous  masses  are  seldom  observed  under  normal  con- 
ditions, but  are  commonly  seen  in  the  bowel  movements  some 
hours  before  the  development  of  diarrhea.  Thin,  tape-like  or 
ribbon-like  stools  are  often  indicative  of  rectal  stenosis  (see  Con- 
siipaiion,  page  358), 

If  a  stool  is  permitted  to  stand  in  a  vessel  for  some  lime,  the 
watery  element  occupies  the  upper  stratum,  while  the  solid  con- 
stituents are  thro«-n  doivn  as  a  precipitate.  Such  stools  are 
characteristic  of  intestinal  catarrh,  and  are  best  seen  during 
typhoid  fever,  ahhough  this  condition  may  be  observed  whenever 
the  feces  are  composed  largely  of  water.  It  is  to  be  remembered 
that  such  a  pecuharity  may  be  favored  by  the  admixture  of  urine. 

Odor.^ — The  odor  of  ihe  slools  may  be  somewhat  character- 
istic of  the  disease  affecting  the  alimentary  tract,  or  it  may  be 
ahered  by  the  food  or  by  medicines  (onions,  asafetida)  that  have 
been  taken.  As  a  rule,  the  odor  is  dependent  upon  indol  and 
skalol  present  in  the  feces,  although  at  times  a  decided  odor  of 
sulphureted  hydrogen  may  be  detected,  and,  rarely,  the  odor  of 
methane  or  of  phosphJn. 

Pathologic  Odor. — The  following  alterations  in  the  odor  of 
the  stools  have  been  noted  during  pathologic  conditions.  In 
persons  suffering  from  acute  or  protracted  alcoholism  the  odor 
of  the  stools  is  extremely  foul.  The  dejecta  of  children,  when 
acid  fermentation  has  been  going  on  in  the  intestinal  tract,  often 
emit  the  odor  of  fatly  acids.  When  alkaline  fermentation  has 
taken  place  in  the  presence  of  albuminous  material,  the  stools 
may  have  a  putrid  odor.  The  admixture  of  blood  and  pus  with 
the  feces  may  produce  a  raiher  heavy  ofior,  resembling  that  of 
rancid  butter.  The  feces  will  be  found  to  give  off  an  am- 
moniacal  odor  when  a  fistulous  communication  with  the  blad- 
der permits  the  escape  of  urine  into  Ihe  bowel.  Cadaver-like 
smelting  slools  are  characteristic  of  gangrenous  processes  along 
the  ahmentary  tract,  usually  affecting  the  large  bowel.  In  cases 
of  .\sialic  cholera  the  stools  emit  a  spermy  odor  which  is  probably 
due  to  the  presence  of  cadaverin.    In  cases  of  tuberculous  ulcera- 
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tion  of  the  bowel  a  decidedly  foul  odor  is  present.     In  acu'" 
catarrhal  dysentery,  when  there  are  frequent  stools  composed  of 
small  quantity  of  mucus,  blood,  and  pus,  there  may  be  no  od< 
to  the  feces,  but  there  is  usually  an  escape  of  a  large  amount 
fetid  gas  with  each  fecal  discharge.     In  a  case  of  amebic  dysei 
tery  under  personal  observation  the  feces  had  a  sweetish  odor. 

Color  of  Stools. — Under  normal  conditions  the  color  of  the 
feces  will  be  found  to  vary,  in  accordance  with  the  character  ol 
the  food  taken,  from  a  light  yellow  to  a  brownish  black  or  blackish^ 
blue.  Usually  the  more  solid  the  consistence  of  the  feces,  the^ 
darker  the  color,  except  when  the  excessive  color  is  directly  depen- 
dent upon  the  food  taken.  Exposure  to  the  air  and  light  causes 
the  stools  to  become  darker  than  they  were  when  passed.  In 
health,  huckleberries  produce  blackish  stools;  chocolate  gives 
the  feces  a  dull-gray  color;  cocoa  produces  a  Ught-gray  shade; 
chlorophyl  colors  them  green;  and  starches  produce  a  yeUow 
color;   fats,  too,  cause  a  clay  color. 

Hemorrhage. — After  hemorrhage  from  the  bowel  the  feces 
may  be  blood- red  in  color;  but  when  the  blood  has  gradually 
oozed  into  the  bowel  for  a  long  period,  the  stools  become  black, 
on  account  of  the  formation  of  hematin.  In  other  cases  hemor- 
rhage from  the  stomach,  from  typhoid  ulceration,  or  from  other 
forms  of  intestinal  lesion  is  followed  by  deep  black  stools,  from 
the  formation  of  sulphid  of  iron.  When  the  hemorrhage  is 
rather  profuse, — say  a  few  ounces  of  blood, — the  stools  are  tar- 
like in  color  and  in  consistence.  As  a  rule,  the  higher  in  the 
alimentary  tract  the  seat  of  the  hemorrhage,  the  darker  the  color 
of  the  feces;  thus,  coffee-colored  stools  are  seen  after  gastric  and 
duodenal  hemorrhages.  Fresh  blood,  when  adherent  to  scybalous 
masses  or  to  solid  feces,  is  usuallv  from  the  rectum  and  anus. 

Tests  for  Blood. — In  case  it  is  impossible  to  delect  blood- 
cells  in  the  feces  by  the  microscope,  one  must  resort  to  the  special 
chcmic  tests  for  the  presence  of  blood-pigments.  Such  cHnical 
observation  is,  however,  more  scientific  than  practical  in  value. 
Minimum  quantities  of  blood,  when  present  in  the  feces,  maybe 
detected  by  the  method  suggested  by  Miiller  and  Weber  (see 
Gastric  Contents^  page  354,  and  Bloody  p.  31). 

Karczynski-Jaworski  Test, — i.  Place  a  small  amount  of  the 
feces  in  a  porcelain  dish,  add  a  smaller  amount  of  potassium 
chlorate,  and  one  drop  of  hydrochloric  acid  (c.  p.). 

2.  Heat  carefully  over  the  flame  of  a  Bunsen  burner  until 
the  mixture  is  decolorized  (the  addition  of  one  or  more  drops  of 
hydrochloric  acid  may  be  required).  During  this  process  chlorin 
escapes. 
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3.  Add  from  one  to  five  drops  of  a  dilute  solution  of  potassium 
ferrocyanid;  the  appearance  ci£  a  distinct  Prussian-blue  color 
indicates  the  presence  of  blood- pigment. 

Fallacies. — Pus,  when  present  in  the  feces  in  appreciable 
amount,  will  produce  ihe  same  reaction  with  potassium  fer- 
rocyanid.    See  also  Klunge's  Ahin  Test,  p.  355. 

Drugs. — The  various  preparations  of  iron,  bismuth,  and 
manganese  dioxid,  when  administered  by  the  mouth,  produce 
a  dark-brown  or  black  color  of  the  feces.  This  color  is  dependent 
upon  the  formation  of  sulphids  of  these  metals.  The  stools 
assume  a  decidedly  greenish  hue  after  the  administration  of 
calomel,  which  is  probably  due  to  an  excess  of  biliverdin  in  the 
intestine.  Ipecac  produces  clay-colored  stools;  while  senna  and 
santonin,  when  administered  in  physiologic  doses,  give  a  yellow 
color  to  the  feces. 

Bilious  Stools. — The  so-called  "bilious  stools"  vary  in 
color  from  bright  yellow  to  dark  green.  This  color  is  due  to  the 
escape  of  unchanged  or  but  sUghtly  altered  bile  which  has  passed 
hurriedly  through  the  bowel.  Such  feces  may  be  fihered,  and  the 
filtrate  tested  for  the  presence  of  bile  (see  i/rjKe,  page  239).  When 
the  bile-suppty  is  cut  off  from  the  intestine,  the  feces  soon  become  of 
a  clay  color  and  have  a  peculiar  glistening  appearance.  This  glis- 
tening appearance  of  the  feces  is  doubtless  due,  in  a  measure,  to 
the  lack  of  bile;  but  to  a  certain  extent  it  is  caused  by  the  small 
particles  of  fat  that  are  more  or  less  thoroughly  disseminated 
throughout  the  mass,  not  having  been  absorbed  by  the  intestine. 

CI  ay- Colo  red  Stools. — Clay -colored  stools  are  found  in 
conjunction  with  all  forms  of  obstructive  jaundice  (sec  Fatty 
Stools);  but  the  feces  from  a  patient  with  obstructive  jaundice 
have  a  light-brown  color  if  the  patient  is  kept  upon  a  diet  containing 
a  minimum  amount  of  fat. 

It  has  been  proved  that  the  lack  of  color  of  the  feces  is  not 
alwaj's  due  to  the  absence  of  bile  nor  to  the  presence  of  fats; 
and  it  is,  therefore,  supposed  that  the  decomposition  of  urobilin 
may  result  in  the  formation  of  decolorizing  products.  Nencki 
has  described  a  substance  which  he  called  "leukourobilin";  and 
it  is  possible  that  some  allied  product  or  products  are  concerned 
in  decolorization  of  the  feces. 

Green  stools  may  be  due  to  the  development  of  the  Bacillus 
pyocyaneus  or  other  bacteria  which  form  a  green  chromogen. 
There  is  some  reason  for  believing  that  the  feces  may  at  times 
owe  their  color,  in  part  at  least,  to  the  development  of  other 
chromogenic  bacteria. 

Red    Stools. — Carter    and    MacMun    have    rcr«c)rtcd     three 
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instances  in  which  the  feces  turned  red  upon  exposure  to  ihe  air 

and  light.     It  is  suggested  by  the  latter  of  these  writers  thai  the 

chromogen  here  concerned   is  closely  allied  to  stercobilin.     In 

'  this  connection  it  may  be  profitable  to  cite  a  series  of  experiments 

■^conducted   at   the   Philadelphia    Hospital   in   collaboration   with 

F  Dr.    Charles   A.    Oliver,   and   reported   by   the   latter.*     These 

experiments   showed    that    the   chromogens   resulting   from    the 

development  of  the  different  chromogenic  bacteria  produced  a 

different  shade,  and  often  an  entirely  different  color,  when  grown 

under  colored  glass  plates:    e.  g.,  red,  green,  blue,  and  yeUow. 

When  kept  in  the  dark,  little  or  no  color  develops.     I  am  inclined 

to  believe  that  feces  that  become  red  on  exposure  to  the  light  owe 

this  redness  to  the  chromogens  of  bacterial  development — Bacillus 

prodigiosus.  Micrococcus  prodigiosus,  etc, 

CHEMISTRY  OF  THE  FECES. 
In  American   laboratories  there  appears  to  be  but  a  small 

amount  of  time  devoted  to  the  study  of  the  chemistr>-  of  the  feces. 
Sufficient  has  been  done,  however,  lo  permit  of  definite  deduc- 
tions regarding  the  chemistry  of  normal  feces;  but  the  data  are 
by  far  too  small  lo  justify  conclusions  regarding  the  chemistry 
of  the  feces  in  disease. 


REACTION  OF  THE  STOOLS. 

The  reaction  of  the  stools  of  a  normal  adult  is,  as  a  rule, 
alkaline;  but  it  is  sometimes  neutral  and  occasionally  acid.  The 
alkalinity  of  the  normal  feces  is  dependent  upon  ammonlacal 
fermentation.  The  acidity  is  due  to  the  presence  of  lactic  or  of 
butyric  acid,  the  formation  of  either  of  which  may  occur,  by 
fermentation,  in  the  intestine.  The  feces  of  children  when  taking 
a  milk  diet  should,  under  normal  conditions,  give  a  slightly  acid 
reaction. 

Clinical  Significance.— In  the  adult,  whenever  the  feces  are 
decidedly  acid,  the  reaction  is  indicative  of  intestinal  catarrh  with 
the  production  of  lactic-  and  butyric-acid  fermentation  in  the 
intestine.  When  the  feces  of  children  are  found  to  be  highly 
acid,  the  existence  of  an  intestinal  catarrh  may  be  inferred;  and 
in  [he  adult  Ihe  acidity  depends  upon  acid  fermentation.  A 
derided  alkaline  reaction  may  depend  upon  the  occurrence  of 
alkaline  fermentation;  it  is  usually  indicated  by  its  characteristic 
odor  (see  Odor,  page  359).  The  reaction  of  the  feces  is  of 
limited  diagnostic  value. 

*"Amct.  Joui.  Med.  Sci.,"  April,  1901. 
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COMPOSITION  OF  THE  FECES. 

ilh  the  foUowing  as  ihe  composi- 


Dunglison  credits  Simon 
tion  of  normal  feces; 

Waler _ 77.3  prr 


Proteids 

ExUactives-. 
F»ts 


Gautier  gives  the  following  table  regarding  Ihe  composition 
of  the  freshly  passed  feces  (Gaulier's  estimations  are  based  upon 
1000  parts  by  weight): 


SoBda 167.00 

Talal  oiBsnic  material *o8.7s 

Total  inincral  material 10.9S" 

Alimentaiy  ledduc Sj.oo 

The  organic  malerial  yielded: 


Aqueu  us  extract jj^* 

Alcoholic  extract -.  41-65 

Ethereal  cHnict 3°- 7° 


ij7,i — including  54  parts  of 

1J.6        mucin,    epithelium. 

and  culcsreuus  sails. 


In  a  general  way  it  is  possible  to  gain  a  fairly  clear,  concise, 
and  at  the  same  time  general  idea  of  the  feces  by  considering  under 
the  following  headings  the  various  chemic  consiituenis  present: 

1.  Unassimilaled  Food. — Probably  the  greater  porlicm  of 
the  solid  and  semisolid  materials  of  the  feces  consists  of  food 
that  has  not  been  assimilated,  but  which,  if  taken  in  proper 
amounts  into  a  stomach  during  health,  should  have  been  assimi- 
lated. This  class  of  food-material  appears  in  the  feces  ofienest 
as  a  result  of  overeating.  These  food-materials  consist  for  the 
most  part  of  starches,  albuminous  materials,  and  fats. 

2.  ttuiigestible  Mailer. — A  varying  proportion  of  the  feces 
will  be  composed  of  substances  not  capable  of  digestion,  and 
hence  incapable  of  assimilation;  among  which  class  are  to  be 
found  gums,  resins,  gelatinous  substances,  chlorophyl,  pigminis, 
nucleins,  and  the  various  insoluble  salts. 

3.  Substantes  from  Ihe  Digeslive  Trad. — A  portion  of  the  feces 
will  be  seen  to  consist  of  organic  substance  derived  from  the 
gastro- intestinal  iracl  and  from  the  adjacent  gLinds  which  empty 

'  Not  comprising  earthy  phosphates. 


3f^ 

dbtir  tffrrt^T***  pt^  the  wt^inifj  sodi  as  cpitliclisl  ^T^i% 

bik  acids  in  tarioiB  ^•gry  of  trmtagirwytffi^ti^  diokslciiiiy  and 

hrifhtiu 

4»  The  iccjcs  alio  ^'■^it^'pf  snbsiaiiccs  practicalljr  readj  lor  ab- 
soffpciofiy  but  wfaicfaf  owing  to  pnisialiir  nuAcniciitSy  have  been 
hastened  thiongh  the  bowd  brfotc  such  absorption  oouU  take 
pbictf  these  aie  fifnlgfifd  bus,  futr  aods,  biliarT  aods,  and 
leocin. 

5.  Prodmcis  oj  MetaMistm, — A  variable  amount  of  the  feces 
is  dependent  tqwo  metabolism,  such  metabolic  piodocts  being 
eliminated  thioogb  the  aKmentaiy  tract.  In  this  conncctioo  mea» 
ivic  add,  and  the  varioos  xanthin  bases  should  be  oonsideied, 
ahhou^  these  substances  are  not  Himinaffd  bjr  theieccs  in 
amounts  suflkient  to  warrant  their  special  study  in  this  cxoetioo* 

6.  Pmrin  Bodies. — ^For  description  see  pagie  533. 

7.  Cdoring-maiier. — A  small  amount  of  cdbring-matter  is  also 
found  in  the  feces.  It  consists  of  the  modified  p^;ments  of  the 
blood  and  of  the  bile — hematin,  stercobilin,  and  hydrobilinibin. 
Hematoidin,  pure  blood,  and  the  unakered  bile-p^;ments  are  ab- 
normal constituents  of  the  feces. 

&  DuomposUUm  Products. — The  pnxlucts  of  deomiposition 
dependent  upon  bacterial  development,  such  as  the  various  fatty 
ackis,  butyric  and  isobutyric  acid,  lactic  acid,  amido-adds,  add 
amids,  leudn,  tyrosin,  phenyl-acetic  add,  phend,  skatol,  ezcretin, 
indol,  and  cresol,  are  constituents  of  the  feces.  Both  ammonium 
carbonate  and  ammonium  sulphid  are  pnxluced  by  processes  of 
decomfx>sition. 

9.  Cases. — The  gases  present  in  the  feces  during  health  \*an'  in 
direct  profxmion  to  the  character  of  the  UhxI  ingesierl.  The  for- 
mation of  gas  may  \ye  a  feature  of  certain  diseases.  Under  normal 
conditions  carlx>n  dioxid,  hydrogen,  nitrogen,  and  marsh-gas  ap- 
fK-ar  in  the  feces.  The  carlx>n  dioxid  f>resent  is  dejK-ndenl  upon 
alcoholic  fermentation,  butyric-acid  fermentation,  and  upon  the 
putrefaction  of  albumins  which  take  place  within  the  intestine. 
Theoretically,  carbon  dioxid  is  supposed  to  pass  directly  from  the 
blcKKl  into  the  intestine. 

Nitrogen  may  be  swallowed,  but  a  portion  of  this  gas  found  in 
the  feces  is  jircibably  evolved  from  putrefying  albumins.  Glucose, 
while  undergoing  fermentation,  generates  a  certain  percentage  of 
marsh  gas. 

It  \>  reasonable  to  suppose  that  a  special  study  of  the  gases  of 
the  fee  es  may  enable  one  to  form  an  ap[)roximate  idea  of  the  putre- 
factive  and  fermentative  changes  taking  jilace  in  the  intestinal 
tract ;  but  as  yet  a  practical  clinical  methcxl  for  the  quantitative  and 
qualitative  detection  of  such  gases  has  not  been  proposed. 
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I  shall  consider  briefly  the  chemistry  of  the  biliary  acids,  the 
pigments,  the  fatty  acids,  and  cholesterin,  and  shall  mention  cer- 
tain other  substances  known  to  occur  in  normal  feces.  Bloody 
stoob  have  been  discussed  under  a  separate  heading. 

TYROSIN. 

Tyrosin  is  conceded  to  be  the  mother-substance  of  phenol, 
indol,  skatol,  and  cresol.  Tyrosin,  when  present  in  the  gastro- 
intestinal tract,  is  the  result  of  the  putrefaction  of  albumins. 


Fig.  140.— DislilliiiK  apparatus. 


It  is  readily  destroyed  in  the  intestinal  tract  after  it  is  produced, 
with  the  formation  of  phenol,  indol,  skatol,  and  cresol,  which  may 
be  found  in  the  feces.  Tvrosin  itself  is  rarclv  found  in  this  ex- 
cretion  (see  JJrine^  page  268).  Phenol,  indol,  skatol,  and  cresol 
may  be  detected  in  the  feces  by  the  following  reactions: 

Method  of  Detection. — i.  The  feces  should  first  be  well 
diluted  with  water,  acidified  with  phosphoric  acid,  and  then 
distilled.  By  this  process  all  the  volatile  fatty  acids,  indol,  skatol, 
phenol,  and  cresol  will  be  forced  into  the  distillate. 

2.  Neutralize  the  distillate  with  sodium  carbonate  and  distil 
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again.  During  this  second  distillation  the  fatty  acids  are  left  b^ 
hind  as  sodium  salts,  while  indol,  skatol,  phenol,  and  cresol  p^^ass 
into  the  receiver. 

3.  Phenol  may  be  separated  from  indol,  skatol,  and  cresol  by 
rendering  the  second  distillate  alkaline  with  potassium  hydro :»d 
and  redistilling.  During  this  third  distillation  indol,  skatol,  m^xid 
cresol  pass  over,  while  phenol  is  left  behind.  According  to  M  ^^' 
shall,  this  precipitate  is  tribromphenolbrom  or  tribromobro:^^^' 
phenol. 

4.  The  residue  in  the  retort  should  be  distilled  with  sulphu:^^^ 
acid,  and  pure  phenol  will  be  forced  over  in  the  distillate,  as  m 
be  shown  by  the  following  reactions: 

Phenol.— (a)  Place  a  portion  of  the  distillate  in  a  test-tube 
add  a  few  drops  of  a  solution  of  iron  perchlorid.     In  the  presen 
of  phenol  an  amethyst-blue  color  develops  (see  Tests  for  Lacf 
Acid,  page  345). 

(&)  Place  a  few  cubic  centimeters  of  the  distillate  in  a  test-tu 
and  add  an  equal  volume  of  bromin  water.  In  the  presence 
phenol  a  crystalline  precipitate  of  tribromphenol  is  formed. 

(c)  The  distillate,  when  treated  with  Millon's  reagent  (se- 
Uriney  page  217),  shows  a  decided  red  color  when  phenol  is  pres- 
ent,  due  to  the  formation  of  acid  nitrate  of  mercury. 

Indol. — In  order  to  separate  indol  from  skatol  it  is  necessary  t 
observe  their  degrees  of  solubility  closely.     Small  plates  of  indol 
are  liquefied  at  52°  C.  (125.6°  F.).    They  are  also  readily  solubl 
in  hot  water,  alcohol,  and  ether.     During  this  process  the  mixture 
will  be  found  to  emit  a  feculent  odor. 

(a)  Indol,  when  treated  with  nitric  acid  and  a  variable  amount 
of  sodium  nitrate,  gives  a  red,  crystalline  precipitate  of  nitrosoindol 
nitrate. 

(b)  Take  a  small  piece  of  a  clean  pine  stick  and  moisten  it  with 
an  alcoholic  solution  of  indol;  then  plunge  the  stick  into  a  solution 
of  hydrochloric  acid.  The  wood  will  change  to  a  cherry-red  color 
if  indol  be  present. 

Skatol. — (a)  Crystalline  skatol  appears  in  quite  regular  plates 
which  dissolve  at  a  temperature  of  95°  C.  (203°  F.).  Cr\'stals  of 
skatol  are  less  readily  soluble  than  are  crystak  of  indol;  but  during 
their  solution  a  similar  feculent  odor  is  given  off. 

(h)  Skatol,  when  treated  with  nitric  acid  and  sodium  nitrate, 
results  in  an  opalescent  (milky)  mixture. 

{(')  Skatol,  when  boiled  with  nitric  acid  (sp.  gr.  1.2),  gives  the 
xaniho|>n)tcic  reaction. 

((I)  The  color  reaction  of  hydrochloric  acid  and  pine  wood 
pri  \  iouslv  dipped  in  a  solution  of  skatol  is  different  from  that  pro- 


;  referred  lo  ihc  special  method 
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duced  by  hydrochloric  acid  and  pine  wood  dipped  in  a  solution  of 
indol.  First  moisten  the  wood  with  a  weak  alcoholic  solution  of 
skatol,  and  then  dip  it  into  a  strong  solution  of  hydrochloric  acid; 
a  cherry-red  color,  which  soon  changes  to  blue  or  violet,  will  be 
produced. 

FATTY  ACros. 

All  members  of  the  group  of  fally  acids,  from  formic  acid  to 
stearic  acid,  may  at  limes  be  found  in  the  feces. 

Derivation. — While  a  portion  of  these  faliy  acids  is  derived 
from  the  fats  ingesled,  it  is  lo  be  remembered  ihal  some  of  them 
are  derived  from  the  ingesled  carbohydrates  and  proteids. 

Physical  Properties  of  Fatty  Acids.— The  faity  acids  are 
monobasic,  and  are  soluble  in  water,  alcohol,  and  ether.  The 
alkaline  salts  of  the  fatty  acids  are  also  soluble  in  water  and  in 
alcohol,  but  are  not  soluble  in  ether.  The  silver  salts  of  the  fatty 
acids  are  not  readily  soluble. 

Detection. — i.  The  reader  i; 
described  under  Tyrosin  for 
the  detection  of  phenol,  indol, 
skatol,  and  cresol.  If  the  first 
distillate  obtained  from  dis- 
tillation of  the  feces  be  neu- 
tralized with  sodium  carbon 
ate  and  distilled  a  sccunl 
time,  the  fatty  acids  remain 
in  the  retort  as  their  sodium  ?■«  ui  -w.rm-««i.r  b>ih. 

salts. 

3,  Evaporate  this  solution  over  a  water-bath  (Fig.  141)  to  dry- 
ness, and  extract  the  residue  with  alcohol;  evaporate  the  alcohol, 
and  dissolve  the  residue  in  water.  By  this  method  a  solution  is 
obtained  that  may  be  employed  for  the  further  study  of  the  fatty 
acids. 

Whenever  it  is  desired  to  separate  the  different  fatty  acids,  the 
majority  of  authoi3  recommend  converting  them  into  silver  or 
barium  salts,  which  may  be  distinguished  by  their  solubility  in 
water.  It  is  possible,  however,  to  employ  fractional  distillation 
for  the  separation  of  fatty  acids. 

Formic  Acid. — Formic  acid  is  a  colorless,  pungent  liquid 
which  boils  at  too"  C.  (212°  P.).  To  a  concentrated  .solution  of 
the  alkaline  salts  of  formic  acid  add  silver  nitrate.  Upon  the  ap- 
plication of  heat  a  black  precipitate  results;  but  if  the  mixture  be 
allowed  to  stand  at  room-temperature  for  a  time,  the  silver  salt 
blackens  without  the  application  of  heal. 
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Place  a  neutral  solution  of  formic  acid  in  a  test-tube  and  aczld  a 
few  drops  of  a  solution  of  iron  perchlorid.  A  blood-red  color-  in- 
dicates the  presence  of  formic  acid.  When  this  red  mixtur-^?  is 
heated,  its  color  fades,  and  finally  disappears  on  boiling.  At  tht 
same  time  a  rusty-colored  precipitate  collects  at  the  bottom  of  t  tie 
tube. 

Acetic  Acid. — ^Acetic  acid  is  a  colorless  liquid,  of  a  penetratixT^g. 
vinegar-like  odor,  boiling  at  a  temperature  of  119°  C.  (246.2°  I*"-  )• 

1.  Acetic  acid  when  cautiously  neutralized  gives  a  blood- x^^^ 
color  after  the  addition  of  a  few  drops  of  iron  perchlorid. 

2.  A  neutral  solution  of  the  alkaline  salts  of  acetic  acid  give^.^  ^ 
precipitate  when  treated  with  silver  nitrate.  This  precipitate-  is 
soluble  in  hot  water,  but  reduction  does  not  take  place. 

Butyric  Acid. — Butyric  acid  is  an  oily  substance  having  -si^n 
odor  like  that  of  rancid  butter,  and  boiling  at  a  temperature  ^^ 
137°  C.  (278.6°  F.). 

1.  Solutions  of  butyric  acid  and  of  its  salts  do  not  turn  red  \\)m.  ^^i^n 
treated  with  iron  perchlorid. 

2.  Solutions  containing  the  alkaline  salts  of  butyric  acid,  wli>  ^^"^ 
treated  with  silver  nitrate,  give  a  precipitate  which  is  insoluble  ^*  " 
cold  water. 

3.  Solutions  containing  the  salts  of  butyric  acid  emit  its  ch^^  ^^* 
actcristic  odor  upon  the  addition  of  acids. 

Valerianic  Acid. — Valerianic  acid   is   an  oily  liquid  having-  ^ 

pungent  odor  and  boiling  at  a  temperature  of  176.3°  C.  (349.3°  F  —  ^* 
Its  odor,  while  disagreeable,  can  scarcely  be  siiid  to  be  charact^*^  ^' 
istic.  When  treated  with  solutions  of  silver  nitrate,  its  silver  saW-  ^  ^ 
crystallize  in  rather  regular  plates  which  are  not  readily  soluble   — 

Propionic  Acid. — Propionic  acid  is  a  sour,  pungent,  oily  sxi^^-^^ 
stance,  boiling  at  a  temperature  of  117°  C.  (242.6°  F.).     Whcr^  ^ 
treated  with  a  dilute  solution  of  iron  perchlorid,  it  does  not  produC  ^ 
a  red  color.     When  treated  with  silver  nitrate,  it  is  practically' 
indistinguishable  from  formic  acid. 

BILIARY  ACIDS. 

Among  the  biliary  acids  found  in  the  feces  are  glycocholic  acid, 
taurocholic  acid,  and  cholalic  acid.  Glycocholic  acid  (Cj^H^NO^) 
and  taurocholic  acid  (C._.,;H^.NSO-)  are  normal  constituents  of  the 
bile,  and  are  converted  into  cholalic  acid  (Cj^H^qO.,)  and  glycocoll, 
or  cholalic-acid  taurin,  by  processes  of  decomposition.  Cholalic 
acid  is  the  biliary  acid  found  in  the  feces,  because  it  is  the  product 
of  the  decomposition  of  glycocholic  and  taurocholic  acids  in  the 
intestinal  canal. 
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Detection. — The  di-lcclioii  of  bUiarj'  acids  in  ihe  feces  can  be 
accomplished  oniy  after  phenol,  indol,  skalol,  cresol,  and  the  fatty 
acids  ha\e  been  removed  by  distillation  with  phosphoric  acid 
(see  Test  for  these  substances). 

1.  After  removing  the  previously  named  substances  from  the 
feces,  dissolve  the  residue  with  water;  boil  and  filler. 

2.  Treat  the  filtrate  with  lead  acetate  and  a  small  quantity  of 
ammonium  hydroxid  until  a  precipitate  forms.  This  precipitate 
contains  the   biliary  salts  of  lead. 

3.  Wash  the  precipitate  with  water,  and  boil  with  alcohol  to 
remove  the  salts  of  the  biliary  acids;  filter. 

4.  Treat  the  final  filtrate  with  sodium  carbonate,  in  order  that 
the  lead  salts  may  be  transformed  into  sodium  salts;  filter  again, 
evaporate  this  filtrate  to  dryness,  and  extract  the  residue  with  hot 
alcohol.  The  sails  of  the  biliary  acids  may  cryslallize,  but  the 
rule  is  to  obtain  an  amorphous,  dirly,  brownish  precipitate. 

5.  Treat  this  amorphous  precipitate  with  ether,  so  as  to  pro- 
duce crystalline  substances.  Crystallization  of  the  amorphous 
precipitate  is  not  neccssarj',  however,  since  it  is  possible  to  employ 
this  material  for  further  testing. 

Pettenkofer's  Test. — (a)  Place  a  small  amount  of  the  amor- 
phous precipitate  in  a  dish,  and  add  sutBcienl  water  to  dis- 
solve it  completely.  To  this  solution  add  two-thirds  its  volume 
of  concentrated  sulphuric  acid;  the  temperature  of  the  mitture 
should  not  be  above  70"  C.  (158°  F.). 

(b)  While  the  mixture  is  kept  warm,  add  a  to  per  cent,  solution 
of  saccharose  drop  by  drop.  In  the  presence  of  biliary  acids  the 
entire  mixture  assumes  a  beautifiU  red  color  which  changes  to  blue 
or  violet  on  standing. 


PIGMENTS  OF  THE  FECES. 

Stercobilin  and  hydrobilirubin  desene  sjwcial  mention  in  con- 
nection with  the  pigments  of  normal  feces.  According  lo  Gau- 
tter,  stercobilin,  which  is  the  principal  coloring- matter  found  in  the 
feces,  is  derived  from  bilirubin.  According  to  ihe  reports  of  a 
number  of  chemists,  stercobilin  and  hydrobilirubin  appear  lo  be 
similar,  if  not  identical. 

Detection. — Extract  the  feces  with  acid  alcohol,  and  to  this 
extract  add  water  and  a  variable  quantity  of  chloroform.  Upon 
vigorous  shaking,  the  pigment  dissolves. 

Stercobilin,  upon  treatment  with  zinc  chlorid  and  ammonium 
hydroxid,  gives  four  absorption- bands.  Hydrobilirubin,  in  strik- 
ing distinction,  gives  but  three  absorption-bands  when  subjected 
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to  this  Ireatmenl  (see  Spectroscopy,  page  43).  It  will  be  fc:»«Jnd 
of  interest  to  compare  tiie  spectra  of  stercobiiin,  normal  urob^il'i, 
and  hydrobilirubin.  The  last  is  probably  identical  with  iher  iu- 
called  febrile  urobilin. 

CHOLESTERIN. 

A  trace  of  cholesterin  (C^H^O)  is  to  be  found  in  practica-IJy 
all  the  body-fluids.  The  method  of  the  production  of  cholestc;*'^" 
wherever  it  may  appear  is  undetermined. 

Crystals. — Crystals  of  cholesterin  (Fig.  92)  appear  as  iHirii 
colorless,  semi  transparent  plates,  one  or  more  margins  of  wliic^i 
are  usually  irregular,  showing  a  more  or  less  jagged,  imperfctr  t^t 
saw-like  edge.  The  remainder  of  the  margins  are  usually  clea.  rly 
cut  and  of  regular  outline.  Crystals  of  choleslerin  are,  as  a 
rule,  irregularly  oblong  or  square.  Cr\'stals  from  which  c»ne 
corner  appears  to  have  been  broken  are  also  common.  Cn'siiils 
of  cholesterin  may  occur  singly,  but  it  is  more  common  to  knd 
them  in  dense  aggregations. 

Solubility. — Crystals  of  cholesterin  are  soluble  in  water,  dilute 
acids,  and  alkalis.     They  are  freely  soluble  in  boiling  alcohol,        ], 
ether,   chloroform,   and   benzol.     After  solution  in  hot   alcohol 
cholesterin  is  precipitated  on  cooling. 

In  the  feces  the  cholesterin  docs  not  appear  in  cr^'stalUne  form 
except  under  rare  conditions. 

Detection. — ^i.  In  order  to  detect  cholesterin  in  the  feces  the 
fatty  acids,  phenol,  indol,  skatol,  and  cresol  must  first  be  removed 
by  distillation  (see  Special  Study  of  these  substances). 

2.  Ne-xt  add  sulphuric  acid  to  the  residue;  extract  with  alcohol, 
and  continue  the  extraction  with  ether. 

3.  Filter  the  ethereal  extract,  remove  the  ether  by  distilbtion, 
and  then  treat  the  residue  with  sodium  carbonate,  thereby  con- 
verting any  fatty  acids  present  into  their  sodium  salts, 

4.  Evaporate  the  mixture  to  drj'ness  and  extract  with  ether. 

5.  Filter  the  previously  prepared  alcoholic  extract,  ajid  then 
supersaturate  the  filtrate  with  sodium  carbonate;  remove  the  alco- 
hol by  distillation;  dissolve  the  residue  in  water,  and  continue  the 
extraction  with  ether.  By  this  process  any  bile  acids,  oleic  acid, 
stearic  acid,  etc,  separated  by  further  analysis,  may  be  converted 
into  their  respective  barium  salts  (see  Fatty  Acids,  page  367). 

6.  Cholesterin  and  the  fats  are  dissolved  in  the  ether.  Place 
this  final  solution  in  a  beaker  and  evaporate  over  a  waler-balh; 
treat  the  residue  with  an  alcoholic  solution  of  potassium  hydroxid. 

7.  Evaporate  this  alcoholic  solution  over  a  water-bath  (Fig. 
141),  dilute  the  remaining  fluid  with  water,  and  extract  with  ether. 
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All  fats  present  will  be  found  suspended  in  the  aqueous  solution 
as  soaps.  The  choiesterin,  on  the  other  hand,  will  have  been  dis- 
solved in  the  other, 

(a)  Place  the  suspected  solution  on  a  slide,  add  a  drop  of  water, 
apply  a  cover-glass,  and  examine  with  a  one-fifth  or  one-sixth 
objecti\T,  Crystals  of  choiesterin  (Fig.  92),  if  present,  maybe 
readily  seen.  Add  a  drop  of  concentrated  sulphuric  acid  to  the 
edge  of  the  cover-glass,  and  observe  closely  the  changes  thai  take 
place.  The  crystals  fade  gradually,  and  their  once  rather  distinct 
margins  are  changed  to  a  yellowish  or  reddish  color. 

{b)  Place  crj'stals  of  choiesterin  in  a  test-tube;  add  chloroform 
and  a  concentrated  solution  of  sulphuric  acid;  shake  vigorously  for 
one-half  minute.  If  choiesterin  be  present,  the  chloroform  will  be 
changed  to  a  purplish-red  or  blood-red  color.  The  layer  of  sul- 
phuric acid  becomes  highly  fluorescent. 


MACROSCOPIC  AND  MICROSCOPIC  CONSTITUENTS. 

Particles  of  Food,  etc. — Normal  feces  contain  particles  of  un- 
digested food  and  of  solid  materials  that  have  been  taken  with  the 
fo(«l.  The  network  of  vegetable  cells  is  often  seen,  as  well  as 
distorted  musclc-libers  of  a  faint  yellow  color  and  elastic  fibers. 
The  elastic  fibers  are  of  a  clear,  pearl-white  shade,  and  even  when 
slightly  colored  are  distinguishable  by  the  fact  that  they  arc  well 
outlined  and  often  present  in  apparent  double  contour.  Slardi- 
granules  and  small,  llake-like  panicles  of  casein  are  also  found  in 
the  normal  feces.  Muscle-fibers  may  be  detected  in  every  speci- 
men of  feces  when  the  patient  has  been  on  a  diet  rich  in  meats. 
The  number  of  these  fibers  present  will  depend  upon  the  individ- 
ual, the  degree  of  masdcation,  the  amount  of  meat  ingested,  and 
the  thoroughness  with  which  digestion  has  been  accomplished. 

It  is  not  uncommon  to  find  some  muscle-fibers  that  have  re- 
tained their  characteristic  outlines  and  others  that  show  slight 
distortion;  but  most  of  the  muscle  tissue  taken  as  food  ^  so 
broken  up  that  it  cannot  be  recognized,  or  else  is  represented 
by  small,  disc- like,  yellowish  fragments.  It  is  only  after  careful 
study  that  one  is  able  to  recognize  these  latter  particles  as 
partly  digested  mtiscle  tissue.  The  most  characteristic  features  of 
such  particles  arci  first,  ibeir  parallel  outlines,  and,  second,  their 
characteristic  cross-striations,  both  of  which  features  are  best  seen 
with  a  onc-si.xth  or  onc-eighlh  objective  (Fig.  142). 

Clinical  Significance. — .A  large  number  of  connective- tissue 
fibers  in  the  feces  is  conclusive  evidence  that  digestion  has  not 
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been  completed,  and  is  due  cither  to  a  pathologic  condition  (^  tlie  1 

gastro-inteslinal  tract  or  to  decided  errors  in  diet. 

Starch. — Starch-granules  and  chlorophyl  are  found  in  some 
of  the  undigested  vegetable  foods,  but  it  is  uncommon  lo  find  free 
starch-granules  in  normal  feces,  unless  the  patient  has  been  fed 
upon  food  composed  principally  of  starch.  Slarch-granules  are. 
therefore,  rather  common  in  the  feces  of  children  who  arc  fed  upua 
prepared  foods. 

Under  pathologic  conditions  it  is  not  uncommon  to  find  iso- 
lated starch-granules  in  the  feces,  as  well  as  undigested  partido 
of  vegetable  matter  in  which  starch-cells  are  lo  be  seen. 

Dftetiion. — A  portion  of  the  feces  examined  under  the  micro- 
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scope  should  be  treated  with  Lugol's  iodin  solution  by  placing  C 
drop  of  this  solution  at  the  margin  of  the  cover-glass,  so  that  h 
gradually  comes  in  contact  with  the  specimen.  Starch-granulesi 
upon  coming  in  contact  wilh  the  iodin  solution,  change  to  blue. 

Mucoid,  Serous,  and  Bloody  Stools. — Mucus,  when  it  Is  dis^ 
tinctly  recognized  in  the  stools,  is  indicative  of  a  catarrhal  inflam- 
mation of  the  mucous  membrane  of  ihe  intestine,  yet  this  finding 
alone  should  not  be  regarded  as  one  of  serious  moment,  since  it  maf' 
occur  in  conjunction  wilh  but  slight  intestinal  inflammation.  There 
is  normally  a  certain  amount  of  mucus  secreled  by  the  intestine^' 
and  small  parlides  of  mucus  may  be  seen  clinging  to  the  surface  oj 
firm  slools.     Large  quantities  and  thick  shreds  or  roix;-like  masses 
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of  mucus  are  suggestive  of  catarrh  of  the  large  intestine  (Fig. 
143),  and  in  such  a  catarrhal  condition  rounded,  sago- like  gran- 
ules of  mucus  are  often  found.  Such  bodies  are  seen  in  the  rice- 
water  stoob  of  cholera;  they  are  also  found  in  the  acute  catarrhal 
conditions.  Scybalous  masses  may  ako  be  coated  with  mucus, 
indicating  a  chronic  intestinal  catarrh. 

The  discharge  of  mucus  is  abundant  in  the  feces  in  cases  of 
acute  intestinal  catarrh  whenever  the  large  intestine  is  involved 
in  the  process,  and  in  nearly  all  cases  of  catarrhal  dysentery. 

Microscopically,  it  is  uncommon  to  find  small  particles  of  mu- 
cus in  pathologic  feces,  but  these  may  be  present  without  carrying 
any  clinical  significance.  Should  such  particles  of  mucus  show 
evidence  of  bile-staining,  they  are  indicative  of  catarrh  of  the 
small  intestine.  Numerous  microscopic  particles  of  unstained 
muctis  are  generally  conceded  to  be  suggestive  of  the  existence  of 
a  catarrhal  process  high  in  the  large  intestine  or  in  the  lower  sec- 
tion of  the  small  intestine. 

Caution. — Whenever  the  feces  contain  many  small  particles 
of  mucus,  it  is  well  to  test  for  starch  by  adding  a  drop  of  iodin  so- 
lution. 

Casts  of  the  Bowel. — Mucus  cylinders  are  at  times  passed  with 
the  dejecta.  These  may  be  mere  shreds  of  mucus-like  material  or 
they  may  form  a  complete  cast  of  the  bowel.  Such  casts  usually 
have  a  constant  diameter  throughout  their  entire  length,  and  their 
free  surfaces  will  be  seen  by  the  naked  eye  to  be  studded  with  fine 
white  granules.  When  the  inflammatory  process  is  acute,  their 
surfaces  may  be  streaked  with  blood.  Cylinders  of  the  bowel 
may  vary  in  length  from  two  to  sixteen  inches  in  catarrhal 
enteritis.  In  the  case  of  a  woman  studied  in  my  clinic  at  the 
Howard  Hospital,  a  cast  from  four  to  ten  feet  in  length  was 
passed  at  intervals  of  from  ten  days  to  two  weeks.  In  the  case 
of  a  child  of  three  years  recently  under  my  observation,  a  mucous 
cast  of  the  bowel  was  passed  daily  for  a  period  of  one  week,  each 
cast  var>ung  from  ten  to  eighteen  inches  in  length. 

In  cases  of  diphtheritic  dysentery  true  casts  of  the  bowel  are 
passed  with  the  feces.  They  are,  as  a  rule,  but  a  few  inches  in 
length,  and  are  usually  only  partial  casts  of  the  intestine.  Diph- 
theric casts  of  the  bowel  are  much  darker  in  color  than  mucous 
casts,  and  when  studied  microscopically,  are  seen  to  be  formed  of 
a  true  diphtheric  membrane. 

Microscopic  Study. — Microscopically,  these  mucous  casts  are 
found  to  consist  principally  of  a  faintly  opalescent,  hazy,  homo- 
geneous material  (mucus).  A  number  of  epithelial  cells,  leuko- 
cytes,   red   blood-cells,  mucus-corpuscles,  and    Charcot-Leyden 
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cnslaU  appear  lo  be  eniangled  in  this  mucus-like  substance. 
Otiicr  crystals  are  rarely  seen.  When  the  catarrhal  process  has 
gone  on  to  the  stage  of  necrosis  of  the  epithelial  cells  lining  the 
intestine,  a  true  diphtheric  membrane  is  formed  which  is  much 
thicker  than  the  mucous  cast  and  contains  necrotic  materiaL 

Clinical  Sigoificaace. — Mucous  casts  of  the  bowel  are  found 
in  connection  with  both  chronic  and  acute  mflammation  of  the 
intestinal  mucosa.  Their  pathologic  significance  depends  upon 
the  numbers  of  epithelial  cells  which  they  contain,  because  the 
presence  of  these  cells  serves  as  a  direct  index  of  the  degree  of  de- 
struction that  is  taking  place  in  the  bowel.  Mucous  casts  are  Dot 
:  in  gastroptosis  and  in  cnteroptosis. 


In  primary  diphtheric  dysentery  the  passage  of  a  large  number 
of  diphtheric  casts  with  a  considerable  amount  of  blood  is  usually 
followed  by  death  within  the  course  of  a  few  hours. 

Secondary  diphtheric  dysentery,  which  usually  develops  late 
during  the  course  of  some  chronic  malady, — t.  g.,  diabetes,  tuber- 
culosis, etc., — may  persist  over  a  long  period  of  lime,  during  which 
both  long  and  short,  rather  pale  casts  of  the  bowel  may  be  passed- 

Epithelial  Cells.— Under  normal  conditions  but  few  epithelial 
cells  are  lo  be  found  in  the  feces,  and,  in  fact,  epithelial  cells  do 
not  concern  us  from  a  practical  standpoint  except  there  be  some 
inflammatory  process  of  the  intestinal  mm 
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It  is  not  unusual,  however,  to  find  rather  wcll-prtserved  cylin- 
dric  (goblel)  cells.  Indeed,  all  the  varieties  of  cells  known  to 
develop  upon  mucous  surfaces  are  occasionally  met  with  in  thi- 
normal  feces.  When  the  epithelial  ceils  have  been  separated 
from  the  mucous  membrane  for  some  time,  they  become  disloncd, 
probably  because  water  is  extracted  from  them. 

The  epithelial  cells,  when  killed  en  masse,  may  be  thrown  oQ 
in  the  form  of  the  bowel  casts  which  have  been  previously  described. 
In  acute  infiammatorj-  processes  the  intestinal  epithelial  ccUs  may 
appear  in  the  feces  in  great  numbers,  a  feature  common  to  ca- 
tarrhal dysentery.  WTien  the  stools  are  decidedly  watery,  the  epi- 
thelial cells  appear  rolled  together,  giving  the  liquid  an  appearance 
as  though  particles  of  cracked  rice  were  floating  in  it.  Again,  other 
epithelial  celb  may  be  found  more  or  less  closely  connected  with 
shreds  of  mucus,  and  such  cells  at  times  show  evidence  of 
degeneration.  Bile -stained  epithelial  cells  are  supposed  to 
indicate  a  lesion  of  the  small  intestine.  Cylindnc  and  goblet- 
cells  are  not  infrequently  found  in  the  dejecta  of  dysentery. 
Lai^e  clusters  of  epithelial  cells  have  been  reported  as  occurring 
in  the  feces  of  individuals  suffering  from  carcinomatous  disease 
of  the  rectum. 

Blood -corpuscles. — It  is  unusual  lo  find  unaltered  red  blood- 
cells  in  the  feces  except  when  an  ulceration  involving  either  the 
lower  portion  of  the  colon  or  the  rectum  exists.  In  acute  catar- 
rhal dysentery  mucobloody  discharges  are  common,  and  in  them 
the  erythrocytes  may  be  but  slightly  aUered.  It  is  to  be  bome  in 
mind  that  the  feces  may  be  markedly  colored  with  blood,  and  yet 
microscopic  study  will  fail  to  reveal  the  presence  of  red  blood-cells. 
It  is  impossible  to  recognize  the  red  blood-cells  as  sucii  in  the  feces 
when  a  hemorrhage  has  occurred  high  in  the  intestine,  but  instead 
of  blood-cells,  the  feces  will  contain  small,  roundish,  amorphous 
masses  of  a  brown-red  color  which  consist,  in  part  at  least,  of 
hematoidin.  Cr}'stal3  of  hemaloidin  are  occasionally  met  with  in 
the  feces  after  intestinal  hemorrhage  (see  Plate  17),  but  in  such  a 
condition  crystalline  hematoidin  apjjears,  for  the  most  part,  in  the 
form  of  rhombic  plates.  In  my  own  experience,  I  have  been  un- 
able to  find  red  corpuscles  in  the  feces  after  a  hemorrhage  during 
the  course  of  typhoid  fever.  In  this  condition  the  higher  the 
scat  of  the  hemorrhage,  the  more  likely  is  one  to  find  crj'stals  of 
hematoidin  and  the  darker  in  color  will  be  the  feces. 

Leukocytes.— The  appearance  of  asmall  number  of  IcukiKytcs 
in  the  feces  is  of  no  practical  clinical  moment,  but  when  leuko- 
cytes are  present  in  abundance,  they  are  suggesti\'e  of  an  inflam- 
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matory  process,  either  catarrhal  or  ulcerative,  which  affects  the    in- 
testinal mucous  membrane.     The  number  of  leukocytes  pre5.t^m     . 
in  the  feces  is  in  direct  relation  to  the  degree  and  character  of  «:  1^« 
lesion. 

Pus. — Pure  pus  is  seldom  recovered  from  the  feces;  but  wi»  ^ti 
it  is  found,  it  indicates  that  an  abscess  has  probably  communicat  ^s^ 
with  the  bowel. 

In  acute  catarrhal  dysenter)'  the  feces  are  seen  to  contain  blcK»-*i  • 
mucus,  and  a  lai^e  quantity  of  pus.  I  have  repeatedly  seen  mui^  ^o- 
purulent  and  seropurulent  stools  in  this  disease,  and  it  is  not  u  :^r»  - 
common  for  the  pus  to  form  a  large  proportion  of  the  entire  stoc^:»l-. 
but  it  is  extremely  rare  to  find  purulent  stools  devoid  of  semi  ■^''■' 
mucus,  and  blood.  I  have  in  mind  the  case  of  a  woman,  recent  I^B.y 
under  observation,  in  which  from  one  and  one-half  to  three  ounc^^^^^ 
of  pure  pus  escaped  with  the  daily  stool.  It  is  unusual  to  fii^  ** 
blood  in  such  stools,  and  they  seldom  contain  mucus  in  appr^;^^" 
ciable  amount.  In  conditions  of  this  nature  one  is  certainE-^y 
not  warranted  in  regarding  such  quantities  of  pus  as  being  c:^^ 
intestinal  origui.  In  the  case  just  cited,  for  example,  the  elinic^^^ 
manifestations  of  catarrhal  enteritis  were  wanting. 

INTESTINAL  CONCRETIONS. 

Biliary.— The  importance  of  the  examination  of  the  feces  foC^ 
the  presence  of  biliary  concretions  is,  doubtless,  sufficiently  em- 
phasized by  works  in  both  medicine  and  surgery.     It  is  a  diagnos- 
tic method  which  should  be  employed  whenever  abdominal  pains 
of  an  obscure  or  questionable  nature  or  true  hepatic  colic  exists. 

Method  of  Detection. — (i)  Collect  ever)-  bowel  movement  for 
from  iwenty-four  to  forty-eight  hours  following  an  exaccrbaticn 
of  colic.  (2)  Direct  that  each  stool  be  passed  into  a  rather  large 
commode.  (3)  .\dd  to  the  stool  one  gallori  of  water,  and  stir 
thoroughly;  allow  the  mixture  to  stand  for  a  short  time,  and  pour 
off  the  supernatant  liquid.  {4)  Again  add  water,  and  stir  to  effect 
a  perfect  mixture.  (5)  Cut  a  piece  of  surgeon's  gauze  large  enough 
to  cover  the  top  of  a  second  vessel,  and  tie  it  to  the  rim  of  the  top  of 
the  vessel  with  string  or  fasten  with  adhesive  plaster. 

The  mixture  of  feces  and  water  is  now  poured  upon  the  gauze, 
which  acts  as  a  filter  and  separates  any  calculi  that  may  be  pres- 
ent. In  this  manner  calculi  may  be  readily  detected.  When 
found,  they  should  be  placed  in  a  bottle  and  hermetically  sealed, 
since  nearly  alt  gall-stones  deteriorate  upon  exposure  to  air  and 
light. 

Biliary  concretions  vary  in  size  from  that  of  a  grain  of  sand  lo 
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that  of  a  small  olive.  They  are  usually  of  a  dark-yellowish,  green- 
ish, or  black  color.  The  composition  of  the  calculi  varies  greatly: 
those,  for  example,  consisting  for  the  most  part  of  biliary  pigments 
'W'ill  be  brown  in  color,  and  will  be  found  to  sink  in  water.  Chemi- 
cally, such  calculi  may  contain  lime-salts  and  salts  of  copper  and 
^inc.  It  is  the  rule  to  find  calculi  composed  of  calcium  salts  to 
distorted  and  irregular  in  outline.  Again,  hepatic  calculi  may 
composed  exclusively  of  cholesterin,  in  which  case  they  are 
soft  and  light  in  color,  varying  from  white  to  a  faint  green  shade, 
^holesterin  calculi  are  best  distinguished  by  the  fact  that  they  are 
^Shter  than  water. 

It  is  reasonable  to  believe  that  every  hepatic  calculus  consists  of 
^  Nucleus,  and  this  nucleus  is  often  found  to  be  composed  of  phos- 
f*«o.tes,  and  less  frequently  of  sulphates.     Joseph  McFarland  was 
^*>^  first  one  to  recover  a  pure  culture  of  the  Bacillus  coli  communis 
^^"Om  the  nucleus  of  a  gall-stone.     Since  his  observation  Welch 
^^cJ  other  obser\'ers  have  detected,  in  addition  to  the  Bacillus  coli 
^^Tnmunis,  the  Bacillus  typhosus,  in  the  nuclei  of  gall-stones, 
^"hen  it  is  desired  that  the  exact  composition  of  a  gall-stone  be 
^^certained,  it  will  be  found  necessary  to  subject  it  to  chemic  an- 
alysis. 

Intestinal  Calculi. — It  is  exceptional  to  find  intestinal  concre- 
tions passed  with  the  feces;  but  when  such  concretions  are  dis- 
covered in  the  stools,  it  is  supposed  they  have  been  formed  in  the 
saccules  of  the  colon  or  in  the  appendix.  It  is  further  supposed 
that  the  calculi  result  from  the  accumulation  of  calcium  and  mag- 
nesium salts  upon  solid  particles  which  have  probably  been  in- 
gested and  which  have  serv^cd  as  an  appropriate  nucleus  for  their 
development.  Such  calculi  may  form  in  the  folds  of  the  rectum, 
yet  their  usual  seat  of  origin  is  in  the  cecum. 

Intestinal  Sand. — A  singular  case  of  intestinal  sand  was 
reported  by  Duckworth  and  Garrod,*  who  contribute  an  inter- 
esting paper  upon  the  subject  of  true  enteric  lithiasis.  I  have 
been  able  to  find  reports  of  three  other  cases  in  the  literature.  The 
stools  in  the  case  cited  by  the  above  authors  consisted  of  a  vari- 
able amount  of  loose  brown  material  which  was  found  to  con- 
tain about  a  teaspoonful  of  gritty  sand.  This  sand  was  soluble 
in  boiling  nitric  acid,  but  insoluble  in  cold  liquor  potassa?.  It  is 
of  interest  to  note  that  the  colon  and  the  sigmoid  flexure  were 
readily  palpable  in  Duckworth  and  Garrod's  case.  These  authors 
suggest  that  there  are  true  and  false  intestinal  sands,  the  former 
consisting  of  organic  material,  the  latter,  of  remnants  of  vegetable 
food. 

♦"Lancet,"  March  8,  1902. 
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Dr.  John  K.  Mitchell  *  has  reported  Ihe  case  of  a  male,  ag"^ 
forty,  from  whom  a  quantity  of  iniestinal  sand  was  recove«-e-<d. 
Dr.  Mitchell  tells  me  he  has  seen  three  additional  cases  where  sa.-r^d 
was  passed  with  the  feces.  He  funher  states  that  aU  these  tas-cs 
were  upon  a  milk  diet  at  the  same  lime  when  such  sand  was  passed  - 

Fatty  Stools. — Under  nonnal  conditions  the  feces  contain      a 
variable  amount  of  fat,  either  in  the  form  of  oil-droplets — highly 
refraclilc  polygonal  masses  which  vary  in  color  from  yc]lowi.si^■ 
white  to  dark  yellow  or  red — or  as  needle-like  crystals  (see  Cr-y^- 
lah  oj  Feces,  below).     Pathologic  fat  is  usually  recognized  by  t:  t~t.i 
glistening,  greasy  appearance  of  the  stool,  which  is  often  of  a  gria-y- 
ish-yellow  color.     When  fat  is  present  in  large  amounts,  the  fe<rt^s 
are  clay-colored  and  sometimes  nearly  white  (it  is  not  essential  tl^  al 
the  bile-duct  be  obstructed  in  order  that  the  stools  be  while  or  clia.>"- 
colored).     Feces  in  which  there  is  much  fat  become  softer  and 
develop  a  glistening  appearance  when  slightly  heated.    A  portioim    of 
fatty  feces  when  placed  under  a  one-sixth  objective  will  show  at  lc-£*5t 
one,  and  probably  all,  of  the  above-named  forms  in  which  fat  n»  ^ly 
appear.     It  is  not  infrequent,  however,  to  find  only  the  ycllowi^^' 
masses  present,  in  which  case  add  a  drop  of  concentrated  s»-jl- 
phuric  acid  to  Ihe  margin  of  the  cover-glass,  remove  the  slide  frc^-m 
the  microscope,  and  heat  it  gcnlly.     This  treatment  will  cause  l  ^5 
masses  of  fat  to  break  up  and  form  oil-droplets.     Whenever  fat      ^ 
found,  it  is  stained  black  with  a  solution  of  osmic  acid  and  pink  wt  *'' 
an  alcoholic  solution  of  Sudan  III. 

Clinical  Significance. — Fat   appears  in  the   stools  after  it^e 
ingestion  of  large  quantities  of  fat;  during  ihe  course  of  discas-^^ 
accompanied  with  progressive  emaciation;  and  in  the   anemia-S, 
both  primary  and  secondary'.     In  such  conditions  the  quanlit> 
of  fat  present  in  the  stool  is  not  large,  as  a  rule.     In  all  forms  of 
obstructive  jaundice  the  feces  will  be  found  to  contain  an  abnor- 
mally large  amount  of  fat.     Fats  are  also  found  in  the  feces  of 
persons  suffering  from  pancreatic  disease,  and  during  the  course 
of  acute  infectious  fevers. 


CRYSTALS  OF  THE  FECES. 

Crystals  are  among  the  commoner  constituents  of  the  feces, 
appearing  in  fairly  large  numbers  under  normal  conditions.  Cer- 
tain crystalline  bodies  may  be  found  in  the  feces  of  special  maladies 
(sec  Bloody  atid  Fatly  Slooh). 

Fatty  Acids. — Crystals  of  the  fatly  acids,  when  present  in 
the  feces,  apjicar  in  the  form  of  slender  needles  which  are  often 
•"Trans.  Phila.  CdI.  Physicians,"   1903. 
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arranged  in  rather  dense  aggregations,  forming  more  or  less  perfect 
rosels  (Fig.  9;).  These  cn'sials  are  regarded  by  Gcrhardl  as 
consisting  of  calcium  and  magnesium  salts  of  the  higher  fatty 
acids.  Other  observers  have  thought  them  to  be  crystals  of  lyro- 
sin.  Feces  containing  crystals  of  ihc  higher  fatty  acids  also  con- 
tain cr>'stal5  of  calcium  and  magnesium  soaps  (Fig.  97),  which 
have  been  described  in  the  Chapter  on  Urine  (page  266). 

Clinical  Significance. — Crjslals  of  fatly  acids,  when  abund- 
ant in  the  feces,  point  directly  toward  an  impediment  to 
the  absorption  of  fats  and  also  to  some  intestinal  derangement. 
In  all  forms  of  obstructive  jaundice  crystab  of  the  fatty  acids 
are  abundant  in  the  feces.  They  are  a  normal  constituent  of 
the  feces  of  children  during  the  nursing  period,  and  may  be  found 
in  moderate  amounts  during  childhood. 

Charcot-Leyden  Crystals.— Charcot-Leydcn  crystals  (Fig. 
181)  may  be  found  in  normal  stools  and  are  to  be  seen  in  such 
febrile  conditions  as  typhoid  fever,  dysentery,  etc. 

Following  infection  with  a  variety  of  intestinal  parasites  the 
feces  may  contain  Charcot-Leyden  crj-stab,  as  has  been  observed 
in  connection  with  ankylostomiasis.  They  are  found  with 
less  frequency  in  cases  of  tape-worm  infection,  and  it  has  been 
stated  that  they  do  not  occur  in  the  feces  during  an  infection 
with  the  dwarf  tape-worm  {H}Tnenolcpis  nana).  They  are  also 
found  with  ojtyuris,  lumbricoid,  and  trichocephalus  infections. 

Charcot-Leyden  crj'stals  have  been  found  in  lai^e  numbers 
in  the  feces  of  amebic  dysentery.  My  own  experience  has  been 
that  when  the  feces  are  sufficiently  diluted,  the  finding  of  Charcot- 
Leyden  crjstals  is  the  rule.  W'hen  present  in  great  numbers, 
they  appear  as  dense  aggregations. 

Cholesterin. — Cholestcrin  is  a  normal  constituent  of  the  feces, 
ahhough  it  usually  appears  in  some  form  other  than  that  of  the 
characterisiic  plates  (page  92). 

Hematoidia. — Crystalline  hematoidin  appears  in  the  feces 
whenever  gastro-intesiinal  hemorrhage  has  occurred.  The  num- 
ber of  crj'stals  present  is  usually  in  direct  relation  with  the  quantity 
of  blood  that  has  escaped  into  the  bowel.  Their  number  is  also 
influenced  by  the  site  of  the  hemorrhage:  the  smallest  number 
is  found  in  the  feces  when  the  hemorrhage  comes  from  the 
rectum  (see  Bloody  Stools,  page  373). 

Phosphates. — The  organic  salts  of  lime  are  not  infrequently 
found  in  the  feces,  and  crystalline  calcium  phosphate  may  appear 
in  dense  clusters,  Crjstals  of  triple  phosphate  (ammonium,  mag- 
nesium, and  calcium)  arc  also  a  normal  constituent  of  the  feces; 
they  have  been  described  in  connection  with  the  urine  (page  375). 
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Bisniiith. — Following  the  adminislration  of  large  doses  oi 
bismuth  subnilralc  or  of  bismuth  salicylate  the  feces  may  conta''^ 
blackish  crystals  which  slightly  resemble  crystals  of  hemin.  The* 
are  crystab  of  bismuth  sulphid. 


BACTERIA. 


Ail  suspicious- looking  panicles  should  be  removed  from  the  fesr^^ 
by  means  of  a  needle  and  placed  in  a  Petri  dish,  or  probably  a  be  *lf^ 
procedure  is  to  smear  them  thinly  upon  a  slide,  fix  by  heat,  eaBn** 
slain.  When  the  object  is  to  study  living  parasites  and  to  asci^cr- 
tain  the  general  microscopic  character  of  ihe  feces,  it  is  welt  'o 
place  the  suspicious  particle  in  the  center  of  a  slide,  add  one  "f 
more  drops  of  water  to  it,  and  allow  a  cover-glass  to  fall  gew  "V 
upon  the  mixture.  A  specimen  thus  prepared  may  be  studied  iinc::;3^ 
a  one-sisth,  one-eighth,  or  even  an  oil-immersion  objective,  ^ 
that  the  various  bacteria  and  animal  parasites,  including  amcb— *^' 
may  be  readily  seen.  The  specimen  often  becomes  chilled  duri*'^? 
the  process  of  preparation,  and  then  the  Amcrba  coli,  should  " 
be  present,  would  assume  a  spheric  shape  and  become  quiescei^  '' 
Upon  gently  warming  one  extremity  of  the  slide,  however,  tt^*' 
Amoeba  coli  will  assume  decided  motility,  and  may  be  see'  -' 
retracting  and  throwing  out  pseudopodia  in  various  direclion^^ 
Motile  bacteria  also  become  active  when  thus  warmed. 

Care  must  be  taken  not  to  make  the  slide  too  hot  while  en 
deavoring  to  bring  out  the  motility  of  organisms.     A  warm  stag^^ 
may  be  obtained  for  the  microscope,  and  this  will  be  found  ic^ 
prolong  materially  the  life  of  the  parasites  found  in  the  feces.. 

Tubercle  Bacilli. — The  detection  of  the  tubercle  bacillus  in 
the  feces  is  readily  accomplished  whenever  ulceration  of  the  in- 
testine, due  to  the  development  of  this  organism,  exists.  Collect 
a  small  portion  of  the  purulent  or  mucoid  material  from  the 
feces,  smear  it  thinly  upon  a  glass  slide,  and  slain  it  for  the  tubercle 
bacillus,  as  directed  in  the  Chapter  on  Sputum  (page  438).  It 
is  of  special  importance  that  when  acid-resisting  bacilli  are  found 
in  the  feces,  they  be  carefully  stained  to  differentiate  between  the 
tubercle  bacillus  and  the  other  so-called  acid-fast  bacilli  (page 
441).  When  the  feces  have  been  allowed  to  stand  for  some 
hours,  I  have  found  that  the  condensation  liquid  that  colleas 
above  the  sediment  of  the  feces  often  shows  many  tubercle 
bacilli;  but  this  finding  is  by  no  means  constant,  .^gain,  I  have 
repeatedly  examined  the  feces  of  persons  suffering  from  tuber- 
culous ulceration  of  the  intestine  in  which  it  was  impossible  to 
find  tubercle  bacilli;   yet  these  same  individuals  were  found  3t 
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postmortem  to  have  cxlcnsive  ulcerations  of  ihc  intestines  which 
were  tuberculous  in  nature. 

Clinical  Significance. — Tubercle  bacilli,  when  found  in 
the  feces,  point  conclusively  10  the  existence  of  tuberculous  ulcera- 
tion of  the  inleslines. 

Pus-producing  Organisms. — The  feces  always  contain  a 
great  number  of  bacteria,  the  majority  of  which  are  non-patho- 
genic, but  at  times  we  find  pus-producing  organisms  present  in 
the  feces,  particularly  in  the  dejecta  of  patients  with  acute  dysen- 
tery or  diphtheric  dyscntcrj.  Streptococci,  staphylococci,  and 
bacilli  are  usually  found  in  such  cases.  It  is  imp'jssible  to  deter- 
mine, merely  from  the  staining  properties  of  these  organisms, 
which  of  them  is  of  pathogenic  importance.  It,  therefore,  becomes 
necessary  to  make  cultural  studies  of  the  bacteria  found  in  the 
feces  in  cases  of  pathologic  conditions  of  the  intestines.  Such 
cultural  studies  must  be  carried  to  the  point  at  which  the  different 
onanisms  present  arc  isolated.  Il  is  also  necessary  to  make 
animal  experiments  in  order  to  estimate  the  degree  of  patho- 
genicity possessed  by  any  one  organism  recovered. 

The  typhoid  bacillus  may  be  recovered  from  the  stools  during 
the  ulcerative  stage  of  typhoid  fever,  but  this  method  of  study  is 
more  of  scientific  than  of  practical  value,  since  the  Widal  reaction 
furnishes  the  most  valuable  clinical  datum  concerning  this  dis- 
ease. The  isolation  of  the  Bacillus  typhosus  from  the  stools  is  a 
complicated  and  tedious  process. 

The  bacillus  of  Shiga  may  be  recovered  from  the  dejecta  of 
persons  suffering  from  acute  catarrhal  dj-sentery,  but  this  finding 
is  much  more  constant  in  tropic  and  subtropic  regions  than  it  is 
in  temperate  climates.  The  bacillus  of  Shiga,  when  isolated 
from  the  feces  of  acute  dysenterj',  will  be  found  to  agglutinate 
with  the  patient's  serum  (see  Serum-diagnosis,  page  116}. 

It  is  not  within  the  scope  of  this  volume  to  describe  in  detail 
the  cultural  characteristics  of  the  various  bacteria  encountered  in 
clinical  diagnosis;  but  in  view  of  the  fact  that  bacillary  dysenter)' 
has  receivwl  special  study  by  a  number  of  investigators,  among 
whom  should  be  mentioned  Krause,  of  Germany,  Deycke,  of 
Turkey,  Froch  von  Drigalski  and  Conradi,  of  Prussia,  and  Fle.v- 
mr,*  Duval,  V'edder,  and  Mason,  of  the  United  States,  and  more 
recently  by  Duval  and  Basset,  who  have  isolated  this  bacillus 
from  the  dejecta  in  summer  diarrhea  of  infants,  it  appears  war- 
rantable to  insert  the  morphologic  and  general  cultural  character- 
istics of  Shiga's  bacillus. 

The  bacillus  of  Shiga  is  a  small,  slender  rod  with  somewhat 

•  '■  Philn.  Mrri,  Jour.,"  Sept.  i,  »i)oo,  p.  414. 
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rounded  ends.  Morphologically,  it  resembles  the  t>-phoid  badlhis 
and  the  colon  bacillus,  to  which  group  o{  bacilli  ti  probably 
belongs.  The  bacillus  is  slightly  motUe,  stains  with  the  ordinary 
anilin  dyes,  and  b  decolorized  by  Gram's  method.  When  specially 
cultivated  and  stained,  it  is  furnished  with  fiagella.  The  bacillus 
may  be  isolated  from  the  feces  during  the  first  few  days  of  the 
disease,  but  is  not  readily  found  during  the  subacute  and  chronic 
stages  of  dysenter)'. 

"The  i-alue  of  bacillarj-  diagnosis  is  lessened  by  the  fact  that 
the  bacilli  cannot  often  be  found  in  the  early  stages  or  in  mild 
cases  of  the  disease,  but  when  [he  morbid  process  is  low  donn  in 
the  colon  or  in  the  rectum,  they  can  generally  be  found  without 
difficulty."*  From  the  fifth  to  the  seventh  days  of  the  disease 
the  bacilli  are  abundant  in  the  blood  and  mucus  of  the  dejecta; 
but  with  the  establishment  of  convalescence,  the  bacilli  lessen  in 
number  and  finally  disappear,  to  reappear  with  the  occturcnce 
of  relapses. 

Isolation  of  Shiga's  Bacillus. — The  practical  operation  of 
isolating  the  bacillus  of  Shiga  from  the  feces  is  as  follows: 

1.  Tubes  containing  agar-agar  are  placed  in  a  glass  containing 
water  that  has  been  warmed  to  melt  the  medium.  WTien  the 
agar-agar  is  melted,  it  is  inoculated  with  the  mucous  or  the 
bloody  fxjrtion  of  the  stool. 

2.  The  necessary  care  is  lo  be  employed,  and  the  liquid  agar- 
agar  is  poured  into  a  Petri  dish  and  placed  in  a  coot  place  until 
the  agar-agar  has  solidified.  The  dish  is  then  placed  in  an  incu- 
bator at  a  temperature  of  37"  C-  (98.6°  F.), 

3.  M  the  end  of  from  twelve  to  twenty-four  hours  the  dish  is 
examined  and  cultures  made  from  the  isolated  colonies  of  badlli 
that  have  developed  upon  the  surface  of  the  agar-agar. 

4.  The  cultures  of  bacilli  and  cocci  are  separated  by  the  mere 
smearing  of  a  slide  with  a  portion  of  the  colony,  and  staining 
lo  determine  the  morphology  of  the  organism  present.  After 
determining  which  of  the  colonies  contain  bacilli  only,  the  different 
forms  of  bacilli  are  then  separated — "the  practical  operation  of 
separating  the  different  kinds  of  bacilli  which  grew  in  the  plates 
was  to  inoculate  glucose  agar-agar  slab-tubes  from  the  different 
colonics"  (Flcxner). 

5.  Place  these  slab-cultures  in  the  incubator  at  a  temperature 
of  37"  C.  fg8.6*  F.)  for  twenty-four  hours.  M  the  end  of  this 
time  those  containing  the  colon  bacillus  and  other  gas-producing 
organisms  will  show  evidence  of  gas- formation.  Those  lubes  in 
which  no  gas  has  been  evolved  are  probably  inoculated  with  the 

•  C-  F.  Matoa,  "Jour.  Amer.  Med.  Asi,"  July  13,  1903,  p.  j^j. 
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bacillus  of  Shiga,  and  should  be  further  studied  to  determine  ils 
identity. 

Mason  states  thai  "if  agglutinating  reaction  is  positive"  with 
the  patient's  blood-serum;  if  no  gas  is  produced  and  milk  is  not 
coagulated,  the  micro-organism  is  the  Bacillus  dysenteriit. 

Shiga  advances  the  following  valid  reasons  for  believing  that 
thb  bacillus  is  the  exciting  cause  of  dysentery: 

1.  It  may  be  cuUivated  from  the  feces  in  all  cases. 

2.  It  is  not  to  be  found  in  other  disease  or  in  health. 

3.  The  number  of  bacilli  present  in  the  feces  bears  a  direct 
relation  to  the  intensity  of  the  existing  morbid  process. 

4.  It  is  present  in  the  lesions  in  the  intestinal  wall. 

5.  It  agglutinates  only  with  the  blood  of  persons  suiTering 
from  bacillary  dysenterj';  and  this  agglutinative  power  is  said  to 
increase  with  the  approach  of  and  during  convalescence. 

6.  A  pure  culture  of  the  Bacillus  dysenteric  (Shiga)  was  in- 
tentionally given  to  a  condemned  criminal,  who  developed  the 
disease.  Infection  abo  occurred  after  a  pure  culture  had  been 
accidentally  drawn  into  the  moulh.  There  are  two  other  instances 
in  which  accidental  infection  occurred  in  man. 
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CLASSIFICATION. 

1,  Pkotozoa. 

.  Rhuopoda Zooiogiiu  recognize  sin  orden  of  ihis  dims  of 

pnraxiies,  one  oC  which  is  fuund  ia  (be  human 
intestine  and  feces. 

.  Ameba  (Enuunoeba) The  EntamalM  coli  and  V..  hisloiylin  (aei;  page 

388). 

.  Flagellata  s.  masugnphora . .  .Occasionally  found  in  human  feces  (page  392V 

.  Ccrcomonas  (L.ainblia,  Meg- 

sstoma) .Found  in  human  feces  (see  page  J94)- 

.  Trichomonas  hominjs Found  in  human  feces,  less  often  in  Icukuirhea] 

dJacbarges.  and  in  the  urine  (see  pages  31)3,  484). 

I.  Balantidium  coli A  parasite  found  in  practically  oU  parts  i>f  the 

Eastern  Continent  and  in  North  America.  Re- 
covered from  the  feces  of  man  and  those  of  the 
swine  (see  page  395). 

.  Trypanosoma A  genus  of  protozoa  found  in  the  blood  of  matt 

and  in  the  cerebrospinal  fluid  of  persons  lufTiT- 
ing  from  sleeping-sickness.  It  is  common  in 
|ius  from  abscesses  of  hones  and  in  the  blood  of 
tats  (see  p«p>  151). 

>.  Prolozobn  of  Laveran  (mala- 
rial parasite)  See  Malaria  (page  15;). 

.  Piroplasma  hominis   ,\  pruiiuuyin  found  in  the  blood  of  persons  suf- 

fenna  from  Rocky  Mountain  spoiled  fever  (lick 
fever)  (see  |>«gc  155), 
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II.  Entozoa. 

1.  Agamodistomum  ophthalmo- 

bium    ( Fasciola    ophthal- 

mobium; A  rare  parasite  which  invades  the  capsule  of  the 

crystalline   lens.     Probably   identical   with   the 

liver  fluke. 

2.  Ankylostoma         (Uncinaria) 

duodenale  and  Americana. Infests  the  duodenum  and  small  intestine;    its 

ova  are  recovered  from  the  feces  (page  415). 

3.  Anguillula  aceti A  parasite  of  the  human  urine  (page  298). 

4.  Ascaris  canis  (or  mvstax;  1  ..... 

.         •    I      u  •     -j'  I        *  A   genus  of  nematoid  mtestmal  worms  (page 

5.  Ascans  lumbncoidcs         V  -  ■  ,  ^,^».  ^y^^^^  ^^.^  ^^^  j^^,^  j„  ,^^  feces 

6.  Ascaris  maritima  ^ 

7.  Cvsticercus    cellulosac    (cvsti- 

cercus  of  Txnia  s^jlium) Genus  of  family  of  hydatids,  and  distinguished 

by  the  caudal  vesicle  in  which  the  depressed 
bodv  of  the  animal  rests.  Found  in  muscles, 
meninges,  ventricles,  and  brain. 

8.  Cysticcrcus  (C.  tenuicollis)  of 

Taenia  marginata A  rare  intestinal  j)arasite. 

9.  Diljothriocephalus  latus The  fish  tape-worm,  which  is  commonly  referred 

to  as  Bothriocephalus  latus  (page  402). 

10.  Dicnx-a'lium  lanccatum A  variety  of  liver  fluke  ^page  412). 

11.  DiplogonojKjrus  grandis A    rare    parasite   of    the    human    intestine    in 

Europe  and  North  .America. 

12.  Dipl«*soma  crenatus    .\n  entozoiin  four  to  eight  inches  long,  which  is 

bent  upon  itself  at  an  acute  angle.  Habitat,  the 
urinary  bladder.    May  be  passed  with  the  urine. 

13.  Dipylidium  (Ta*nia;caninum.  Dog  tape-worm,  rarely  found  in  the  intestine  of 

man  (page  407). 

14.  Dracunculus  medinensis Guinea-worm    or    thread-worm.     Invades    the 

areolar  tissue  and  skin  of  the  legs  and  feet  (page 

140;. 

15.  Kf  hirvM  o<  I  11-        jK»lymorj>hus 

([lyd.iti'l    of  Tirnia  iM.  Iiino- 

« <><  <  i:.-     I.ivtT,  >|»l«rn.  I.in^.  hrain.  r:^.«ninec>,  and  omen- 

liirn.  L;ir\;il  iorr.-.  "-f  tht-  dot;  tajK--\v(jrm.  and 
<i»\fl(i{»>  in  :!iaii  .»-  a  hvdatid  rv>it  (>rv  also  No. 

16.  Kirmria  ^iu'iinina Iinadr-;  tlu-  int-  -'[•.:.■.]  rj'iihtli'.irn  of  man  and  of 

animal>  •  thm  a^:>\  .-:.•«  ;-  . 

17.  Lu^tronu'..  la-  'ji^as Thr  larp-l  '•!  thi-  Lr»  -v:-.      I"'.i.:inl  in  iht-  human 

I-;i«lru-v  and  inlt  -ti"-  .  a,-"  ir:  iht-  kidnry  of  the 
I'/wrr  anirnaN. 

i-^.    Fa-.  i".l'i:.-i-  lui-Kii \  tnniat'»di-  v..  .::•:     fo-iM'l    in    the    ^all-bladdi-r 

.in<\  dun<li-ir:ni  '»f  r-  -id<  rVi-  '.♦  A-ia. 

i<>.    la  -•  :■  .'a  h..r-:;  it<»:.i-.inj *^ainr  a-  Xo.   ^  4 

2Z.    \-  a  •'  .'  'i.i  h'-;  i.i'i'  a Th"-  <  « ■:;•.::'.•  >h  \:\ «  r  V  .k«      :  'A'J'-   ji  i  *  ■ 

-'I.    I    i  'i-ii  iiijMtna  .KlJN  "ttia- a  .Tiv  I".i;v;ilian  Hm  r  !^':ki-     :-ai;i-  412'. 

I   I  < ili'i.i'i-  I  aML'ii-t.i .  .  .  .'I'hr  nam  •'.'.   ';•..  r  :;•;►.'     :'ai:c   jiJ'.  • 

2  i.    \  .  .\- .  \  •:!•  -iin-r.  •!  • "^ir  \, ..    14 

-•J.    .'...iria-"   I'i  •  .r  !•:::' •     M.iv    inx.ici'     t'!--    •    ■.    '■•■.:    :t    i-    al-<i    allirri    t«> 

111  iria  jH  r-:a:i-     Imu'-"   •  i7 

25.    r  liana  •  inL''ii'ii-  hornirn-^  ....Inf<-i-  l.l«.<id  .,f  r:..ir-!.  anniMl-.  .md  l»irds.     Sjk*- 

•  i«  -  «tf  filaria  ari  <(«inrn'>n  in  t^<•\^■^.  hla«  kl»irds 
wild  «!ut  k■^,  .in<l  tht-  {H»r(U|»inc  i|»ai;c  147  >. 
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26.  Hcterophyes  hctcrophyes Inhabits  the  small  intestine. 

27.  Monostoma  lentis See  No.  20. 

28.  (Estnis  hominis A  bot-fly  which  deposits  its  ova  in  the  skin;  also 

in  the  external  auditory  canal  (page  470). 

29.  Opisthorcis  noverca  y  #  Trematode    worms   found   in   the   gall-bladder 

30.  0|)isthorcis  sinensis  ( \  and  duodenum  of  residents  of  .Asia. 

31.  Oxyuris  vermicularis \  nematoid  worm — pin-worm,  seat-worm — in- 

festing the  rectum  and  vagina  (page  414). 

7^2.  Paragonimus  Westermanii  ...\  parasite  of  the  lungs,  liver,  and   ctmnective 

tissue  (page  435). 

^^.  Pentastoma        const ricta  . 

(Porocephalus        con- )    f  -"^  genus  of  entozoa  parasitic  to  man  and  ani- 
strictus).  (    I  niaTs.     A  long,  cvlindric,  annulated  worm  in- 

(Linguatula  rhinaria ) .  M  '•><;  I'ver  and  other  tissues. 

35 .  Schistosoma  ( Bilharzia )  haema- 

tobium   A  genus  of  trematoid  worms  that  inhabit  the 

I)ortaI,  bladder,  hemorrhoidal,  and  pulmonary 
veins;  its  ova  are  to  be  found  in  the  urine,  feces, 
and  sputum  (pages  295,  436). 

35 A.  Schistosoma  Cattoi Resembles  35  except  the  ova  escape  into  bowel 

and  the  worm  invades  arteries  instead  of  veins. 

36.  Strongyloides  stercoralis  (in- 

testinalis Cause  of  Cochin-China  diarrhea  (page  419). 

37.  Sirong>'lus  bronchialis   \  nematode  worm  fn>m  the  human  bronchus. 

38.  Strongylus  gigas  (Asi'aris  re- 

nalis)    See  No.  16. 

3().  .Strong>'lus  subtilis Japanese  diarrhea  worm  (page  421). 

Taenia  acanthotrias A  rare  finding  in  man. 

40.  Ta?nia  africana See  page  400. 

41.  Taenia  echinoctKcus See  No.  15;   also  i>ago  404. 

42.  Taenia  elliptica See  same  as  13. 

43.  Txnia      flavopunctala     (Hy- 

menolepis  diminuta) A  parasite  rarely  found  in  the  intestine  of  man; 

its  ova  closely  resemble  the  ova  of  Taenia  solium. 

44.  Taenia  (Davainea)  madagas- 

cariensis Set»  page  400- 

45.  Ta'nia  marginata The  dog  and  sheep  tape-worm  (page  406). 

46.  Ta'nia  mcdiocanellata The  beef  tajK-'-worm  (page  3<)«)). 

47.  Ta*nia  (Hymenolcpis)  nana.  .Dwarf  tai>e-worm  which  invades  the   intestine 

of  man  and  the  lower  animals  (page  406). 

48.  Txnia  s«ilium ri>rk    la|K*-worm.     A    rare    .\merican    parasite 

which  inhabits  the  small  intestine  of  man  (|>age 
3q8);  also  No.  7. 

4g.  Trichinella  (Trichina)  spiralis  The  adult  w(>rm  invades  the  intestine  of   man 

and  of  the  lower  animals,  and  is  taken  into  the 
stomach  through  infecte<l  [lork.  The  lar\'al 
form  of  the  worm  is  de|)osited  in  the  intestinal 
wall,  and  fritm  there  migrates  to  all  parts  of  the 
IkkIv.  These  lar\'a  Ix'come  encvste<l  in  the 
muscles  (|)age  422). 

50.  Trirhoce[)halus    dispar   (Tri- 

(huris  trichuria) Found  in  the  cecum  and  colon  of  man,  and  is 

as.S(Kiate<l  with  the  ankvltjstoma.  The  ova  arc 
detected  in  the  feces  ({)age  418). 
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.  Acarua      (DemcMicxi      folHo 


GROSS  EXAMlNAnON. 
Of  the  various  mclhods  employed  for  the  diagnosis  of  intcS" 
tinal  parasites,  a  microscopic  study  of  the  feces  is  most  reliabJ^' 
There  are  other  methods  of  study,  however,  which  should  not  b* 
neglected.  It  is  possible,  at  least,  to  suspect  the  presence  o* 
intestinal  parasites  from  an  examination  of  the  blood,  sinC^ 
cosinophiHa  is  often  associated  with  such  infections. 

A  gross  examination  of  the  feces  is  of  equal  importance  in  ihe 
adult  and  in  the  child;  in 
some  cases  such  an  examina- 
tion may  reveal  segments  of 
a  tape-worm  (Fig,  151);  in 
the  case  of  nematode  infec- 
tion the  aduh  worm  may  be 
seen.  Adult  round- worms 
are  likely  to  appear  in  ihe 
feces  after  the  adminisira- 
lion  of  anihelminiics,  and 
arc  at  limes  found  after  the 
patient  has  taken  a  liberal 
dose  of  calomel-  During  the 
first  stage  of  trichinosis,  whm 
there  is  an  associated  diar- 
rhea, ihe  adult  Irichineila  may 
be  found  in  the  feces  (Fig,  173).  The  uncinaria  and  the  oxyuris 
may  also  be  detected  in  the  diarrheal  discharges.  The  technic 
for  the  detection  of  these  parasites  differs  in  no  way  from  that 
outlined  for  the  detection  of  ihe  head  of  the  tape- worm  (page  3c)]]. 
When  there  is  severe  hook-worm  infection,  the  color  of  the 
sloob  is  often  reddish  brown.  Ashford  stales  that  this  color  is 
probably  due  lo  the  presence  of  blood  in  the  stools,  and  that  the 
blood  reaches  the  intestinal  canal  from  the  openings  made  in  the 
intestinal  wail  by  the  biting  of  ihe  parasites.  He  funher  suggests 
that  the  anemia  produced  by  such  an  infection  is  in  part  due  lo  the 
continuous  oozing  of  blood  from  the  intestinal  mucosa. 
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Blotting-paper  Test.— Place  several  ounces  oi  ihe  fresh  stool 
on  a  while  lilier  [japer,  wrap  ihc  paper  lighlly  around  ihe  feces, 
and  allow  it  to  stand  for  several  hours;  then  unwrap  the  package 
and  examine  ihe  paper.  In  severe  and  somelimes  in  mild  cases 
of  hook-worm  infection  a  distinct  reddish-brown  slain  is  present. 
This  test  is  reliable  in  70  per  cent,  of  cases  (Stiles). 

Microscopic  Study. — The  microscopic  characteristics  of  the 
feces  have  been  discussed  in  connection  with  each  inleslinal  para- 
site, but  in  a  general  way  it  may  be  well  to  consider  a  few  points 
of  practical  inleresl.  In  collecting  feces  for  microscopic  study 
1  to  5  gm.  of  the  slotjl  may  either  be  wrapped  in  a  piece  of  pajjcr 
or  placed  in  a  wide-mouthed  bottle  and  sent  to  the  laboralorj-. 
1[  is  better  to  prevent  the  stool  from  drying  until  the  examination 
is  completed,  because  while  an  expert  microscopist  may  examine 
a  stool  that  is  several  days  old,  far  more  satisfactory  results  are 
lo  be  obtained  from  the  study  of  fresh  specimens. 

Washing  of  the  Feces. — Take  one  or  more  ounces  of  either 
the  fresh  or  the  dried  feces,  add  one  lo  two  quarts  of  water,  and 
slir  until  the  feces  are  well  mixed;  allow  lo  stand  for  a  time  lo 
permit  of  sedimentation.  Pour  off  the  floating  matter  and  the 
water  down  to  near  the  sediment;  repeat  this  washing  several 
times  and  until  no  material  floats  upon  the  surface  after  sedimen- 
tation. Place  the  washed  sediment  in  a  conic  glass  and  allow  it 
to  stand  for  a  few  hours,  when  it  will  be  found  to  contain  ova 
of  whatever  parasites  may  be  present  in  the  intestinal  canal. 
Washing  of  the  feces  is  not  necc'ssary  for  the  detection  of  the 
Amoeba, 

Apparatus. — The  apparatus  necessary  for  microscopic  exam- 
ination of  the  feces  includes  a  microscope,  glass  slides  (two  by 
three  inches),  lar);e  s(|uare  cover-glasses,  and  a  platinum  needle, 
or,  what  is  more  commonly  employed,  a  malch-stick  (see  Deltclion 
ol  Ova  of  the  Untinarta,  page  417).  At  least  ten  slides  should  be 
examined  before  a  negative  diagnosis  is  given. 

Cautions. — It  is  of  utmost  importance  that  the  feces  be 
kept  in  a  bottle  that  is  well  corked  in  order  that  the  specimen  be 
protected  from  flies.  The  greatest  care  should  be  exercised  to 
prevent  soiling  of  the  hands  during  the  examination,  and  all 
glassware  should  be  placed  in  boiling  water  after  use.  It  is  well 
for  the  opetalor  to  remember  that  the  feces  of  persons  infected 
with  tape- worm  are  highly  dangerous  to  man. 

A  microscopic  study  of  the  fiTCS  is  of  no  value  unless  one  is 
familiar  with  the  appearances  of  the  eggs  and  embrj'os  of  the 
different  animal  parasites  (see  Plates  26,  27).  All  suspected 
objects  should  be  studied  most  carefully,  since  plant-cells  and 
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fibers  which  closely  resemble  both  the  ova  and  the  embryos  of 
intestinal  worms  are  always  present  in  the  feces. 

The  ova  of  animal  parasites  may  appear  in  the  feces  when  the 
adult  parasite  resides  elsewhere  than  in  the  intestinal  canal. 
The  ordinary  liver-fluke  (page  411);  the  paragonimas  (page  435), 
which  invade  the  lungs,  and  the  Schistosoma  hxmaiobium,  which 
invades  the  vesical  veins  (page  295),  are  examples.  It  is,  therefore, 
necessary  that  the  sputum  and  the  urine  be  studied  conjointly 
with  the  feces  in  the  diagnosis  of  animal  parasites. 

INTESTINAL  COCODIOSIS. 

It  has  long  been  known  that  coccidia  were  liable  to  infest  the 
intestinal  wall  of  domestic  animals.  Stiles  has  recently  reported 
an  interesting  example  of  intestinal  coccidiosis  occurring  in  the 
sheep.*  The  Coccidium  bigeminum  (Eimeria  bigemina)  will  be 
found  to  vary  in  length  from  0.008  to  0.015  """■  .According  to 
Stiles,  the  size  of  this  parasite  varies,  depending  upon  the  animal 
(host)  in  which  it  has  developed.  Intestinal  coccidiosis  may 
develop  in  man.  The  accompanying  illustrations  (Plate  24)  will 
serve  to  explain  the  peculiar  features  of  this  parasite,  as  well  as 
lo  describe  the  slight  differences  between  the  Coccidium  bigeminum 
and  other  coccidia. 

RHIZOPODA. 

The  feature  characteristic  of  this  class  of  oi^anisms  is  that 
its  movements  are  caused  by  the  ihrowingout  of  prolongations, 
or  ps€udapods,  from  its  body.  These  pscudoiMxls  result  from 
protoplasmic  activity,  which  enables  the  cell  lo  protrude  a  pseudo- 
pod  from  any  portion  of  its  body.  Rhizopoda  are  occasionally 
met  with  in  the  human  feces. 

Amoeba  Coli.— The  member  of  the  above  group  of  animal 
parasites  which  concerns  us  most  as  clinicians  is  the  Amceba  coli 
(LiJsch),  which  was  first  described  in  1875.  L6sch,  at  this  date, 
detected  for  the  first  time  the  Amceba  coli  in  the  feces  of  persons 
suffering  from  tropic  dysentery.  At  present  the  Amceba  coli  has 
been  found  in  the  feces  of  dysenteric  patients  in  practically  all 
parts  of  the  civilised  world.  Amebic  dysenterj'  has  received  special 
study  in  India,  China,  Japan,  and  in  European  and  American 
tropic  districts. 

Cases  have  been  transported  from  the  tropics  to  all  portions 
of  the  world,  yet  the  disease  seldom,  if  ever,  develops  in  temperate 
climates. 

I  have  studied  both  sputum  and  feces  in  which  amebs  were 

*  "Jour.  Conip.  Med."  and  "Vel.  Arch.,"  vol.  liii  No.  j,  pp.  311),  ^pg. 
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8.  Portions  uf  a  villus  of  dug's  intestine,  showing  eleven  Cocddia  bigemini. 

Q-14.  Various  sisges  Jn  ihc  development  of  Coccidium  bigeroinum   (highly 

magnified)  (Slilo). 

15-30.  Coccidium  ovilorme  of  rabbit  (Stiles,  from  Bolbiani):  15  cormponds 
lo  3;  16.  nlnsmH  divjdnl  into  two  tporoblasta;  17,  further  diviuon;  iS,  sparo- 
b[»ts  are  rIonBaled;   iq,  (hey  have  bctomr  spores. 
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present  {Fig.  145).  The  patients  from  whom  the  specimens  were 
obtained  had  prtviously  resided  in  the  Philippine  Islands.  Cun- 
ningham has  found  that  iht-  ameba  is  fairly  common  in  the  stools  of 
choJera  patients.  Grassi  and  Massiotin  report  having  found  amcbar 
in  normal  feces.  George  Dock,  of  Ann  Arbor,  has  also  delected 
axnebs,  indistinguishable  from  the  Amceba  coli,  in  normal  feces. 
The  fact  that  amebje  have  been  found  in  normal  feces  and 
in  feces  of  diseases  other  than  dysentery  has  led  to  the  sup- 
ptisition  that  there  arc  two  species  of  Amceba — the  Am(eba 
(Emamttba)  coli,  which  is  harmk-ss,  and  the  Ama-ba  (Enlamirba) 
histolytica,  which  is  concerned  in  the  etiology  of  tropical  dysentery, 


and  of  tropical  abscess  of  the  liver  and  lungs.  A  case  of  the 
latter  condition  has  been  studied  by  the  author.* 

Collection  of  the  Feces. — In  the  study  of  feces  for  the  de- 
tection of  the  Amoebie  the  precautions  already  dc*scribed  on 
page  356  should  be  taken  in  the  collection  of  the  specimen. 

The  rectal  mucus  is  most  likely  to  contain  the  amebs,  and  is 
best  collected  by  introducing  a  large  rubber  catheter  into  the 
rectum.  It  is  my  practice  to  cut  several  rather  roughly  outlined 
openings  in  the  side  of  the  catheter.  Immerse  such  a  tatheter 
in  warm  water,  and  introduce  it  into  the  rectum  for  a  distance  of 
from  three  to  six  inches  or  more.  The  mucus,  blood,  or  pus  that 
*  •'  Ptik.  Phfla.  To.  Med.  Soc.,"  Si-pl.,  iqoi. 
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may  cling  lo  ihc  calhelcr  is  most  likely  to  contain  the  amebe. 
This  material  is  equally  valuable  in  searching  for  the  ova  of  prac- 
tically all  intestinal  parasites.  The  administration  of  a  vermicide 
docs  not  appear  warrantable  except  after  positive  results  arc 
obtained  from  a  study  of  ihc  rectal  mucus,  blood,  or  pus. 

Detection  of  the  Parasites. — Place  a  small  drop  of  (he 
liquid  portion  of  the  feces  or  of  the  mucus,  blood,  or  pus  upon  the 
center  of  a  slide,  add  a  drop  of  distilled  water,  mix  the  specimen 
with  the  water,  and  allow  a  cover-glass  to  fall  gently  upon  ihc 
■  mixture.  Warm  one  end  of  the  slide  slightly  and  then  examine 
the  specimen  with  a  one-sixth  or  a  one-eighth  objective.  With  ihc 
magnification  thus  obtained  it  is  possible  to  detect  the  ameba, 
and  then  further  study  may  be  made  by  bringing  individual  organ- 
isms into  the  field  of  an  oil-immersion  objective. 

The  Amceba  coli  is  a  unicellular  animal  parasite  which  varies 
from  13  lo  37  /*  in  diameter,*  Whenever  the  feces  or  liquid  con- 
taining the  Amceba  coli  is  allowed  lo  become  cold,  the  amebic  at 
once  assume  a  more  or  less  spheric  form  and  show  no  evidence 
of  movement.  During  this  quiescent  state  they  are  found  lo  vary 
greatly  in  size;  their  surface  is  in  pan  granular,  while  the  remain- 
ing portion  is  hyaline,  although  the  entire  organism  may  display 
a  more  or  less  granular  surface.  It  is  impossible  to  detect  the 
Amceba  coli  in  ihe  feces  when  the  dejecta  is  al  room -temperature, 
but  when  the  slide  containing  ihe  feces  is  placed  ui»on  a  warm 
stage  or  healed  gently  over  a  flame  and  studied  under  a  one- 
twelfth  oil-immersion  objective,  the  spheric  granular  bodies 
present  in  the  cold  specimen  will  be  found  to  have  assumed  irreg- 
ular shapes. 

By  watching  an  individual  ameba  il  will  be  seen  to  throw  out 
distinct  prolongations  (pscudopods)  of  ils  protoplasm.  The  pro- 
jected portion  of  the  cells  is  at  first  a  mere  bulging  of  the  cell-wall; 
it  then  becomes  oval,  and  finally  appears  like  a  pedicle.  The 
pseudopod  does  not  contain  any  of  the  granular  protoplasm. 
After  the  cell-wall  has  been  protruded  for  some  distance,  a  proto- 
plasmic current  may  be  seen  extending  into  (his  protrusion,  and 
the  granular  protoplasm  of  the  cell  flows  from  its  former  resting- 
place  to  this  protruded  part  of  the  cell.  By  the  lime  all  ihe  gran- 
ules have  completely  changed  iheir  position  the  cell  will,  in  all 
probability,  have  become  more  or  less  spheric  in  outline — an 
apparent  retraction  of  ihc  protruded  portion  of  the  cell-body. 

These  movements  are  followed  by  a  projection  of  the  proto- 
plasm from  another  portion  of  ihe  cell-body,  when  the  granules 
again  change  their  position. 

•  Dock,  "Dnmcls'  Tcwis  McU.  Jour.,"  1891. 
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Caution. — It  is  a  very  easy  matter  for  the  inexperienced  to 
mistake  epithelioid  cells,  which  are  often  present  in  the  feces,  for 
^he  Amoeba  coli.  These  epithelioid  cells  display  a  violent  proto- 
plasmic motion,  and  there  is  a  slight  movement  of  the  cell's  margin, 
^ut  true  pseudopods  are  not  formed. 

In  all  active  amebae  a  variable  number  of  hyaline  areas 
^re  to  be  seen  (vacuoles).  These  vacuoles,  as  a  rule,  number 
f  Tom  two  to  four,  and  are  highly  conspicuous  in  the  motile  para- 
site. They  may  also  be  detected  in  the  non-active  amebae.  The 
Vacuoles  may  be  situated  within  the  granular  portion  of  the  para- 
site, and  it  is  quite  common  to  find  the  protoplasm  more  granular 
around  the  vacuoles  than  at  other  portions.  At  times,  imme- 
diately surrounding  the  vacuole,  there  is  a  series  of  clear  vesicles 
which  are  nearly  uniform  in  size.  These  vesicles  may  occur  at 
any  portion  of  the  body,  and  are  more  pronounced  in  some  or- 
ganisms than  in  others.  During  the  ameboid  movements  of  the 
parasites  both  the  vacuoles  and  the  vesicles  appear  to  change  in 
size. 

Nucleus. — ^The  nucleus  of  the  Amoeba  coli  is  fairly  charac- 
teristic, although  it  is  much  less  conspicuous  than  are  the  vacuoles. 
The  nucleus  is  best  seen  when  there  is  a  low  degree  of  illumina- 
tion; in  fact,  amebae  are  best  studied  with  a  small  amount  of 
light.  The  nucleus  of  the  Amoeba  coli  will  be  found  quite  dis- 
tinct in  certain  parasites  (Fig.  145),  while  in  others  it  is  detected 
only  after  the  most  careful  microscopic  study. 

I  have  endeavored,  in  the  accompanying  illustration  (Fig.  145), 
to  set  forth  the  peculiarities  known  to  the  Amoeba  coli.  These 
features  are  in  a  great  measure  common  to  all  amebae. 

Life-cycle. — ^The  life-cycle  of  the  Amoeba  coli  within  the 
human  body  is  a  subject  which  has  received  much  research, 
and  until  quite  recently  but  little  definite  knowledge  has  been 
obtained.  A  knowledge  of  the  methods  through  which  other 
similar  animal  parasites  develop  has  served  to  direct  various 
investigators,  among  whom  Grassi  and  Doflein  and  also  Clarke  * 
have  considered  the  development  of  the  Amoeba  coli  in  compari- 
son with  that  of  the  malarial  parasite.  Schaudin  proved  that 
nuclear  division  is  not  constant  and  regular  in  the  "Amoeba  coli," 
but,  instead  of  this,  a  fragmentation  of  the  chromatin  takes  place, 
"the  remnant  of  the  nucleus  being  expelled  from  the  parasite." 
This  division  of  the  chromatin  is  followed  by  the  formation  of 
small  spheric  bodies,  each  of  which  is  thought  to  contain  a  portion 
of  chromatin.  Schaudin  further  showed  that  these  spores  were 
capable  of  producing  intestinal  symptoms  and  lesions.     The  above 

♦  "Protozoa  and  Disease,"  p.  36. 
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peculiarities  arc  not  known  to  be  common  to  other  amebic  found 
in  ihe  intestinal  canal.  More  recently  Surgeon  Charles  Craig  *  in  a 
prdiminarj-  note,  in  addition  to  making  reference  lo  the  study 
of  748  cases  of  amebic  dysentery,  has  considered  the  development 
of  the  amcba. 

Blood-cells.— Individual  amebic  are  at  limes  seen  which 
have  engulfed  one  or  more  red  blood-cells,  leukocytes,  bacteria, 
and  granular  detritus.  The  red  cell  is  often  situated  near  the 
center  of  the  ameba,  and  may  be  completely  surrounded;  in  fact, 
it  is  sometimes  partially  obscured  by  the  granular  protoplasm. 

Stain. — The  Amoeba  coli  stains  with  the  ordinary  anilin 
dyes  (a  2  per  cent,  aqueous  solution  of  methylcne-blue)  and 
carbolfuchsin.  It  is  with  some  difficulty  that  the  ameba  is  well 
stained  when  in  the  feces;  but  the  parasite  is  readily  stained  when 
in  the  sputum  or  in  pus  from  amebic  abscesses.  When  stained 
with  methylene- blue  and  fuchsin,  full-grown  ameba;  display  from, 
one  lo  three  vacuoles  which  are  unstained.  There  are  also  to  be 
seen  numerous  small,  round  or  oval,  dimly  stained  areas  which 
are  rather  regularly  disseminated  throughout  the  protoplasm. 

Clinical  Significance.— Am  cebie  coli  may  be  found  in 
the  stools  during  the  course  of  amebic  dysentery.  They  are  often 
present  in  the  fluid  obtained  from  the  so-called  amebic  abscess  of 
the  liver,  and  from  the  sputum  in  cases  where  hepatic  abscess 
has  ruptured  into  the  lung  (see  Spulum,  page  436). 

FLAGELLATA. 

Members  of  the  group  flagellaia  or  mastigophora  are  char- 
acterized by  the  fact  that  each  organism  displays  from  one  to 
eight  i]age11a.  These  flagella,  by  their  active  movements,  render 
the  animal  capable  of  locomotion.  It  is  not  uncommon  to  find 
members  of  this  class  of  parasites  in  the  feces, 

Cercomonadina. — The  parasites  of  this  family  are  small, 
and  may  be  either  oval  or  slightly  elongated  in  outline.  They  arc 
provided  with  one  rather  long  flageltum  at  their  anterior  extremity, 
and  contain  one  or  more  vacuoles.  These  parasites  are  also  capa- 
ble of  ameboid  movement,  and  may  be  seen  lo  protrude  pseudo- 
pods  from  their  posterior  extremity.  The  cercomonas  described 
by  Davaine  and  Lambl  is  a  representative  of  this  family  of  para- 
sites (page  394). 

Tetramitina. — Another  parasite,  the  tetramitina,  is  a  small, 

elongated  body  which  possesses  an  undulating  membrane  and  four 

dislinct  flagella.     This  parasite  tapers  gradually  at  one  extremity 

♦  "Amcr.  Med.,"  Feb.  lo. 
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and  has  a  distinct  nucleus.  Teiramiiina  may  be  detected  in  the 
feces,  in  the  vaginal  discharges,  and  in  the  urine.  They  are 
probably  identical  with  the  trichomonas  and  cercomonas  seen  in 
these  situations  (Fig.  146). 

Trichomonas.— ^This  parasite  has  received  a  variety  of  names, 
many  of  which  refer  to  the  situation  from  which  it  was  recovered, 
while  others  refer  lo  its  peculiar  biologic  characteristics.  The 
Trichomonas  inlcstinalis  is  an  animal  parasite  (Fig.  146)  which 
may  be  oval  or  spindle-shaped,  and  which  varies  in  si^e  from 
0.O12  to  0,0,1  nim.  by  o.oi  in  0.015  mm. 

The  trichomonas  is  provided  with  an  undulating  membrane 
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which  extends  from  the  parasite  as  a  tail-like  projection.  Four 
tlagella  of  varv'ing  sizes  project  from  the  anterior  pole  of  the  or- 
ganism. It  is  very  difficult  to  detect  either  the  undulating  mem- 
brane or  the  flagella  when  Ihc  animal  is  in  motion.  When  a  given 
liquid  is  known  to  contain  the  trichomonas,  il  is  well  to  add  a 
solution  of  mercuric  chlorid  (1-6000)  to  it.  After  this  treatment 
both  the  Hagclla  and  the  nucleus  of  the  parasite  become  slightly 
more  conspicuous.  Specimens  thus  treated  will  be  found  to 
Slain  with  the  ordinary  anilin  dyes,  and  under  these  conditions  the 
nucleus  may  be  clearly  outlined.  The  trichomonas  is  said  lo 
possess  the  facuhy  of  ameboid  movements. 
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In  the  study  of  Philadelphia  water  I  found  that  by  the  addilioi 
of  a  small  amount  of  hay,  for  the  pur|>ose  of  developing  cenaii 
bacleria,  many  small  organisms  which  were  apparently  idenlica 
wilh  ihe  trichomonas  were  invariably  found  after  the  hay  ancs 
water  had  been  allowed  to  stand  at  room -temperature  for  a  fe*^ 
days. 

The  technic  neccssarj-  for  the  detection  of  the  trichomonas 
is  essentially  the  same  as  has  been  described  for  the  detection  of 
the  Amceba  coH  {page  390). 

Cercomonas  iatestinalis  (Lamblia  duodenalis). — Grassi  has 
described  this  parasite  under  the  nLimr  nf  Mi^;;i.-,ioma  emcricum 
(Fig.  146),  Davaine  refers  to  thi^  iiLLni^iiu  n^  liie  Cercomonas 
hominis,  and  many  other  writers  liavi'  given  this  organism  names 
more  or  less  expressive  of  the  location  in  which  it  has  been  found, 
or  of  its  characteristic  peculiarity.  It  does  not  appear  practical 
to  me  to  endeavor  in  this  volume  to  set  forth  the  distinctive 
differences  known  to  exist  between  species  of  the  cercomonas  ob- 
tained from  the  various  sources. 

Generally  speaking,  the  cercomonas  is  pear-shaped,  and 
varies  in  length  from  o.oi  to  o.ai  mm.  In  breadth  the  cercomo- 
nas varies  between  0.0075  ^"*^  °°5  '^"^-  "^^c  longer  forms  of 
this  parasite  are  sometimes  more  or  less  S  shaped.  At  the 
anterior  portion  of  the  cercomonas  there  is  a  fairly  well- 
defined  indentation,  which  is  the  peristome  or  mouth  of  the 
animal.  The  cercomonas,  as  a  rule,  has  eight  flagella,  which 
project  from  the  body  in  pairs.  It  is  impossible  to  see  these 
flagelia  in  the  actively  motile  parasite,  but  ihey  are  readily  seen 
after  treatment  with  a  1-5000  solution  of  mercuric  chlorid. 
It  is  to  be  noticed  that  the  Hagelia  of  the  cercomonas  are  directed 
backward  (Fig.  146).  The  first  pair  are  given  off  from  the  sides 
of  the  anterior  opening  of  the  parasite,  and  two  additional  pairs 
of  Hagella  are  given  off  just  posterior  to  this  depression.  The 
fourth  pair  of  flagelia  project  from  the  tail.  It  is  often  very 
difficult,  even  in  the  well-prepared  specimen,  lo  delect  the  eight 
flagelia  and,  in  fact,  it  is  the  rule  to  find  many  of  these  flagelia 
twisted  or  plaited  together  to  form  a  rather  lai^e  flagellum. 

This  organism,  when  in  its  quiescent  state,  may  assume  an 
oval,  elliptic,  or  spheric  shape,  and  its  flagelia  may  not  be  ap- 
parent. For  this  reason  and  for  many  others  my  experience  has 
indicated  that  it  is  not  at  all  times  possible  to  distinguish  the  cer- 
comonas from  other  similar  animal  parasites. 

Clinical  Significance. — The  cercomonas  may  be  found  in 
the  feces  of  man  and  the  lower  animals.  It  is  rarely  encotintercd 
in  the  vagina!  secretions  and  in  the  urine.  Its  pathogenic  power 
is  questioned. 
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Balantidiutn  Coli. — The  Balanlidium  coli  (Paramoecium  coli) 
if#  an  oval  organism  which  measures  about  i  mm.  in  ils  greatest 
diamtter  (Figs.  147,  148).  Tliis  organism  differs  from  the 
organisms  Just  described  in  that  its  entire  body  is  covered  with 
fine  cilia.  These  cilia  arc  thickest  surrounding  the  mouth  of 
the  parasite,  and  are  thinly  dislribuied  over  ihe  body  and  around 
the  anus.  The  Balanlidium  coH  has  a  pale  nucleus  and  from 
I  wo    to  four  vesicles. 

M'ilhin  the  body  of  the  parasite  small  particles  of  starch  may 
l>e  seen,  and  at  times  droplets  of  fat  are  delected. 

Clinical  Significance. ^Infection  with  the  Balanlidium  coli 
>s  supposed  tn  lake  place  from  the  dejecta  of  swine.  This 
pai'Eisiie  has  been  known  to  affect  man  in  various  portions  of 
Europe,  Asia,  and  North  America.  Ehrenroth,*  in  addition  to 
•"pfXDrting  a  fatal  case  of  dysentery-  due  to  infection  with  the  Balan- 
ti<ii\im  coli,  describes  interesting  pathologic  changes  present  in 
th<;   stomach  and  intestine  (ulcerations).     AH  together  89  cases  of 


persisteni  diarrhea  due  to  this  parasite  have  been  reported.  It 
is  of  special  interest  lo  note  that  the  profound  anemia  caused  by 
the  Balanlidium  coli  resembles  closely  that  present  in  the  later 
stages  of  gastric  carcinoma. 

The  Balantidium  cob  has  been  found  in  the  feces  of  persons 
suffering  from  infection  with  the  Dibothriocephalus  lalus;  and  it 
has  been  suggested  that  other  intestinal  parasites  render  the  gastro- 
intestinal canal  in  a  receptive  slate  for  infection  with  the  Balan- 
tidium coli.  In  the  fatal  cases  ulcerative  colitis  appears  to  be 
regarded  as  the  cause  of  death. 

Detection. — The  technic  necessary  lo  detect  the   Balanlid- 

•  ■'  Zcit.  I,  klin.  Med.,"  vot.  xlix,  p.  151. 
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ium  coli  in  the  feces  diflfers  in  no  way  from  that  described  for  the 
detection  of  the  Amoeba. 


TAPE-WORMS  (CESTODES). 

The  habitat  of  this  variety  of  parasites  is  the  small  intestine, 
where  they  give  rise  to  considerable  irritation,  which  results  in  a 
variable  amount  of  intestinal  catarrh.  As  the  result  of  the  intes- 
tinal catarrh,  body  depletion,  toxemia,  decided  nervous  manifes- 
tations, and  severe  anemia  may  follow  infection  with  such  parasites. 

In  reference  to  tape- worms  in  general  it  may  be  said  that  the 
head  of  the  parasite  is  extremely  small,  and  in  some  of  the  species 
resembles  the  head  of  a  black  pin.    The  head  of  the  tape-worm 
may  be  armed  w^ith  a  complete  crown  of  booklets,  and  may  also 
possess  deeply  pigmented  or  colorless  depressions,  which  ser\'e  as 
sucking  cups  (Figs.  150,  158).     The  segments  (proglottides)  of 
the  tape- worm  always  vary  greatly  in  size  (Fig.  151) — the  longer 
the  tape- worm,  that  is,  the  farther  from  the  head,  the  larger  is  the 
segment.     Extending  from  the  largest  of  the  segments  toward  the 
head,  it  is  immediately  apparent  that  each  segment  lessens  in 
size  until  the  neighborhood  of  the  head  of  the  parasite  is  reached, 
where  the  segments  appear  to  the  naked  eye  as  a  slightly  flat- 
tened thread.    The  segments  of  the  tape-worm  are  of  a  yellow- 
ish-white or  bluish- white  color. 

The  technic  for  the  recognition  of  animal  parasites  in  the  human 
feces  is  of  special  importance  in  view  of  the  fact  that  there  is  no 
other  secretion  or  excretion  wherein  the  offending  object  is  sur- 
rounded by  so  large  an  amount  of  debris.  It  is  fairly  easy,  how- 
ever, to  detect  segments  of  tape- worms  and  the  adult  forms  of  other 
parasites  when  present  in  the  feces.  The  search  for  the  head  of 
a  tape- worm  in  the  feces,  after  the  administration  of  vermicidal 
drugs,  is  of  paramount  importance  in  the  study  of  the  parasite. 

Removal  of  Tape-worms. — Before  attempting  to  remove  a 
tape -worm  from  the  intestinal  canal  the  physician  should  be  sure 
that  the  patient's  stomach  is  entirely  empty,  and  that  since  his 
last  meal  sulTicient  magnesium  citrate  solution  has  been  adminis- 
tered to  ])roduce  two  or  more  copious  bowel  movements,  so  that 
the  greater  part  of  the  intestinal  mucus  has  been  expelled.  It 
is  the  habit  of  the  tapeworm  to  bur)^  its  head  in  the  folds  of  the 
intestinal  mucous  membrane  (valvulae  conniventes),  and  mucus 
collects  about  the  point  at  which  the  worm  is  anchored  to  the  in- 
testinal wall.  Unless  this  fortification  of  mucus  be  removed  before 
the  administration  of  a  vermicide,  it  is  improbable  that  the  drug 
can  reach  the  head  of  the  parasite. 
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To  Detect  the  Head. — ^The  majority  of  failures  in  the  treat- 
nient  of  tape- worms  is  due  to  the  inability  of  the  host  to  expel  the 
head  of  the  parasite,  and  since  this  is  most  important,  I  recom- 
'Hend  the  following  routine  procedure  for  the  accomplishment  of 
^he  object:  (i)  Empty  the  bowels  by  means  of  salines,  so  that  no 
^digested  food  remains  in  the  alimentary  tract,  and  to  insure 
fhai  the  head  of  the  worm  is  uncovered  by  the  removal  of  all 
intestinal  mucus.     (2)  Administer  a  vermicide.     (3)  Follow  in 
fi^m  four  to  six  hours  by  another  saline.     (4)  When  the  worm 
t>egins  to  escap)e  from  the  anus,  direct  the  patient  to  take  a  com- 
fortable  seat,  so   that  the  parasite  may  be  received  in  a  clean 
Vessel  containing  water.     (5)  It  is  all-important  that  the  patient 
sliould   sit   on   one   comniode  from  the  time  he  observes  that 
the  worm  is  diminishing   in   size   until   the   entire  parasite  is 
passed  (the  nearer  the  head,  the  smaller  are  the  segments).    When 
within  a  few  inches — ^ten  to  twelve — of  the  head,  the  worm  appears 
as  a  pale,  slightly  flattened  thread,  and  its  segments  are  not  dis- 
tinct.    (6)  The  head  is  the  last  portion  of  the  worm  to  be  passed. 
While  any  part  of  the  parasite  is 
protruding  from  the  rectum  the 
probabilities  are  that  the  head 
has  not  yet  escaped. 

Given  a  specimen  collected 
in  this  manner,  add  a  quantity 
of  water  and  stir  gently  with  a  ^'k  149  -Dish  for  study  of  feces. 

glass  rod,  so  that  the  worm  will 

fall  to  the  bottom  of  the  vessel.  Decant  one-half  or  more  of  the 
liquid,  and  replace  it  with  clean  water;  repeat  this  washing  until 
the  worm  is  cleansed.  Transfer  the  worm  with  some  of  the  water 
to  a  clear  glass  dish  10  by  12  by  3  inches  (Fig.  149),  and  place  the 
dish  on  a  white  surface  (towel).  Remove  all  the  large  segments 
of  the  parasite  by  a  glass  rod,  drawing  them  over  the  edge  of  the 
first  dish  and  allowing  them  to  fall  into  a  second  dish  containing 
water,  taking  care  not  to  break  the  parasite. 

After  all  large  segments  are  removed  the  head  may,  as  a  rule, 
be  readily  detected  by  the  naked  eye  floating  among  the  remaining 
thread-like  portions  of  the  parasite.  In  searching  for  certain 
small  parasites  a  hand-glass  is  found  of  service.  The  head 
should  be  transferred  to  a  10  per  cent,  glycerin  solution  and 
preserved  for  further  study.  In  mounting  the  head  of  a  para- 
site a  slide  provided  with  a  concavity  of  sutTicient  depth  to  accom- 
modate its  thickest  portion  is  most  satisfactory.  The  specimen 
may  be  preserved  by  mounting  it  in  cast  medium,  Farrant's 
medium,  glycerin,  or  glycerin -jelly. 
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Teenia  Solium,— This  parasite,  the  pork  tape-worm,  is  fair- 
common  in  Europe,  Asia,  and  Africa,  but  it  is  rarely  found  " 
America;  and  whenever  found  in  this  country,  the  question  of  iM 
patient's  having  been  abroad  should  be  thoroughly  investigaiet— 
The  Taenia  solium  when  in  the  human  intestine  may  var\-  great 
in  length,  but  this  is  of  minor  importance,  since  the  length  of  ai— 
tape-worm  docs  not  appear  to  influence  materially  the  symptorci 


FiK.  tso.—Tsfnia, solium :   [,  Htiiil  (ohj.  B.  siiil  I..  _,  , 

lut  (nuignili«l|.    s,  DitxiilirlKrphiiiiit  iaius  (ii>"urB]  tiu) ;  i\  uva 


resulting  from   infection  with  such  a  parasite   (see  Melhod  jor 
Finding  Head,  page  397). 

The  head  of  the  Taenia  solium  (Fig,  150)  is  provided  with  four 
pigmented  sucking-cups,  which  arc  best  seen  when  examined  with 
a  two-lhirds  objective.  It  is  usually  possible  to  outline  clearly  a 
complete  crown  of  hookleis  ai  the  tip  of  the  head  with  a  one- fourth 
objective.  The  fully  matured  proglottides  (segments)  are  about 
10  mm.  long  by  3  lo  5  mm.  wide  (Fig.  151).  The  matured  pro- 
glottides of  the  pork  tape-worm  present  certain  features  which 


I,  Cluster  of  cyMa  (Cysticertus  cellulose)  recovered  from  lateral  ventricle  of 
lin  in  LIcnrd's  case  (oriranal). 

1.  Cyst  found  in  fourth  ventrrcie  (orif^nal). 

3-  A  piece  of  pork  infested  with  pork-measles  (Cyaticerrus  cellulose)  (Sliles). 

4.  Isolated  pork-measle  bladder-worm  (Cysticvrcus  cellutosx),  with  extended 
id,  greatly  enlarged  (Stiles), 

5-  Young  cysticerd  (Cysticcrcus  tenuicollis)  of  the  TmJn  mnrginala  (Curtice). 

6.  Cyslicercus  tenuicolti3  with  head  extended  from  body,  from  a  steer  (Stiles). 
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serve  to  distinguish  ihem 
from  ihosc  of  ihe  beef 
tapeworm,  50  that  by  a 
study  of  these  segments  a 
diagnosis  of  the  species 
present  in  the  intestine 
may  be  made-  Segments 
of  the  Tffinia  solium  have 
a  longitudinal  canal  or 
uterus  from  which  several 
branches  (eight  to  four- 
teen) extend  laterally. 

The  ova  of  the  Taenia 
solium  are  secreted  con- 
stantly, and  appear  in  the 
feces  in  large  numbers. 
They  are  round  and,  when 
fully  developed,  are  fur- 
nished with  a  shell  upon 
which  it  is  possible,  by 
carefully  focusing  the  mi- 
croscope (onc-si.\lh  objec- 
ti\-e),  to  distinguish  fine 
radiating  lines.  Firm 
pressure  upon  the  cover- 
glass  usually  results  in 
rupturing  the  operculum 
(shell),  which  often  flics 
into  many  pieces. 

When  ova  of  the  T^nia 
solium  enter  the  human 
stomach  from  the  mouth 
or  are  regurgitated  from 
the  intestine,  the  parasite 
develops  only  to  its  larval 
stage.  Each  larva  subse- 
quently becomes  encysted 
in  the  human  tissues  or 
viscera,  where  il  is  known 
as  the  Cyslicercus  cellu- 
losx  (Plate  251. 

TKnift  Hediocaoel- 
laU.— The  Ix-ef  tape- 
worm (Ttt-nia  saginata)  is 
found  in  nearly  all  parts 
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of  the  civilized  world,  and  is  especially  common  in  North  Araeria. 
The  length  of  this  parasite  may  at  times  be  practically  incredible. 
In  my  own  experience  I  have  seen  a  parasite  36^  feet  long,  which 
was  obtained  from  an  inmate  of  the  Philadelphia  Hospital.  There 
are  many  records  of  cases  in  which  much  longer  specimens  of  ihe 
Tainia  saginata  have  been  recovered  from  man. 

Head. — The  head  of  the  beef  tape- worm  {Fig.  153)  is  of  a 
dark-blue  color  and  is  said  to  be  much  larger  than  is  the  head  ol 
the  Tienia  solium.  It  is  best  studied  under  a  low -power  objec- 
tive (two- thirds) .     It  has  four  depressed   sucking-cups,  bul,  in 


striking  contrast  to  the  head  of  the  Ta;nia  solium,  it  has  no  book- 
lets; a  tapering  neck  displays  a  faintly  granular  surface;  slight' 
transverse  striations  extend  from  the  pigmented  portion  of  the 
head  (Fig,  152). 

Proglottides. — The  mature  proglottides  of  the  beef  tape-' 
worm  are  much  broader  and  thicker  than  are  those  of  Tienia 
solium.  Segments  may  escape  from  the  rectum  at  any  time, 
because  they  possess  a  limited  power  of  independent  movement. 
I  have  placed  fresh  mature  segments  of  the  beef  tape-worm  and 
nf   the  dog   tape-worm    (T^nia   marginata)   under  a  two-thirds 


objective  and  walched 
their  movements  care- 
fully. While  such  a 
study  is  most  interest- 
ing, il  can  scarcely  be 
recommended  as  prac- 
I  lical.  The  individual 
'  segment  of  the  beef 
tape- worm  has  a  central 
canal  (uterus)  from 
each  side  of  which 
a  great  number  of 
dicholomously  dividing 
branches  are  given  off 
(Fig.  T53).  This  is  the 
distinguishing  feature 
between  the  proglot- 
tides of  the  beef  tape- 
worm and  of  the  pork 
tape- worm. 

Ova. — The  ova  of 
the  Tsnia  mediocanel- 
lata  (Fig.  154)  resemble 
those  of  the  Taenia  sol- 
ium closely.  The  slight 
difference  in  size  is  not 
sufficient  for  diagnosis 
unless  one  resorts  to 
measurements,  Thesi" 
ova  also  escape  with 
the  feces. 

The  ova  of  the  tape- 
worm are  l>cst  studied 
by  placing  a  ripe  seg- 
ment upon  a  slide  and 
tearing  a  small  piece 
from  iis  center.  Place 
this  piece  upon  a  second 
slide,  and  apply  gentle 
pressure  or  tease  wilh 
a  needle  to  liberate  the 
ova.    Discard  the  tissue 


or  Tenia  mttlliKiinrl- 
«  nun.  ■hnwior  had 
dull  Ini-mic  In  ali*  ol 
•  :  naturBl  *la  ISiIln, 
I},  ftarBB  o(  Aninul 
t*.  V.  S.  Dipt.  u(  Ajri- 
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of  the  segment,  add  a  drop  of  water  to  the  liberated  ova,  and 
apply  a  cover-glass  (Fig.  154).     Specimen  smears  of  the  ova  c^f 
the  tape-worm  prepared  in  this  manner  and  fixed  by  heat  (s^i^ 
Bloody    ])age  74)  stain  well  with  anilin  dyes.     I  have  obtainc^^ 

most  satisfactory  results  by  stainir"»g 
such  specimens  for  ten  minutes  \s'v^:^ 
Delafield's  hematoxylin. 

Dibothriocephalus     Latus. 
The  Dibothriocephalus  latus  (Taen 
lata  of  Linn^)  or  fish  tape-worm 
a    form    of   worm   common   in  a 
countries  bordering  upon  the  Ba 
tic  Sea;  it  is  also  common  in  th 
vicinity   of  Lake    Geneva   and  i 
Holland.    This  parasite,  as  a  nil 
appears  to  infect  persons  living  i 
damp  and  marshy  districts.    Mul- 
tiple infection  may  occur,  as  ha^^ 
been  shown  by  my  esteemed  frien 
and  teacher,  the  late  Dr.  Frederic  A.  Packard,  who  reported  sue 
a  case  from  the  Pennsylvania  Hospital.     Dr.  Robert  N.  Willson* 
reports  the  case  of  a  female  infected  with  at  least  two  bothrio- 
cephali.     Willson  is  of  the  opinion  that  there  were  three  parasites 
present,  but  he  was  able  to  find  only  two  heads  of  the  Dibothrio- 


FiR.  ij>4.— Taenia  mediocanellata. 
Ova  from  iht*  segment  (obj.  Spencer 
one-sixth). 


a 

*—•'-'     -       ii  II  ^ 


Flp.    15s.— Dibothriocephalus    latus   (fish    tape-worm):    A  and   i?,  Twin  seements  (R.  N. 

Willson). 


cephalu.s  lalus.  The  accompanying  illustration  (Fig.  155)  from 
Bremser  was  modified  by  Willson  to  represent  the  parasites  re- 
covered by  him  and  to  show  twin  segments,  A  and  B, 

The  parasite  varies  greatly  in  length,  the  observations  of  many 

*  "Amer.  Jour.  Med.  Sci.,"  Aug.,  1902. 
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writers  having  established  from  2  lo  5  meters  (6  to  30  feet)  as 
the  exlrcmes. 

Head. — The  head  of  the  Dibolhriocephalus  latus  is  2  or  3  mm. 
long  by  about  i  mm.  broad.  It  is  perfectly  ovoid  (Fig.  150,  4  and 
5I  in  contour,  and  closely  resembles  the  expanded  portion  and 
handle  of  a  spoon.  Detection  of  the  head  of  the  dibothriocephalus 
in  the  feces  is  accomplished  in  the  manner  described  on  page  397. 

To  the  naked  eye  the  head  of  this  worm  corresjxinds  in  size  to 
that  of  a  small  pin.  ll  may  be  of  light-gray  or  pearl- while  color; 
it  is  sometimes  colorless.  In  striking  conlrasl  to  both  the  beef 
and  ihe  pork  tape-worm  the  dibothriocephalus  (fish  tapeworm) 
possesses  neither  booklets  nor  suckers.  The  hooklels,  which 
were  present  in  the  early  stages  of  development,  arc  lost  before  ihe 
parasite  is  matured.  There  is  a  narrow  groove  on  each  side  of  ihe 
head,  which  possibly  ser\'es  for  attachment  of  (he  parasite  lo  the 
intestinal  wall.  ' '  Cutaneous  glands  are  lo  be  found  in  ihe  head, 
but  are  absent  in  the  body."  Muscle-fibers  and  Iwo  distinct 
nerve-cords  have  also  been  noted,  the  latter  apearing  like  two 
roundish  or  kidney-shaped  spots  of  granular  appearance  which 
gradually  approach  one  another  toward  the  anterior  portion  of  the 
head  and  are  finally  united  in  a  loop  by  a  transverse  connection 
(Leuckart),  There  is  no  distinct  neck  interposed  between  ihe 
head  and  the  small  (firsl)  segments. 

Proglottides. — The  mature  proglottides  do  not  escape  from 
the  rectum  singly,  as  is  obsened  in  the  case  of  the  beef  tape- worm; 
but  these  segments  are,  as  a  rule,  passed  in  large  numbers — one 
foot  or  more  of  the  parasite  passing  al  a  lime.  The  individual 
segment  is  very  thin  at  a  point  near  the  head,  as  is  shown 
by  the  accompanying  illustration.  They  gradually  increase  in 
size,  the  largest  segments  being  those  farthest  from  the  head. 
The  small  segments  appear  to  be  greater  in  length  than  in  breadth, 
the  medium-sized  segments  being  nearly  square.  The  mature 
segment  varies  from  2.5  to  4,5  mm.  in  length,  and  from  4  lo  14  mm. 
in  width. 

At  the  center  of  each  segment  there  is  a  dark  or  slightly  bluish 
spot,  indicating  the  position  of  the  ovary.  When  studied  under 
a  low-power  objective  (two-thirds),  this  area  appear;  as  an  imper- 
fect roset.  According  lo  Willson,  these  rosets  deepen  in  color 
in  proportion  to  the  number  of  ova  contained.  In  segments 
from  which  many  or  all  of  the  ova  have  been  discharged  the 
rosets  are  light  in  color.  Rosels  and  ripe  ova  are  found  in  the 
segments,  about  500  mm.  (19.5  in.)  distant  from  the  head. 

Ova. — Fully  matured  segments  show  ihc  body  of  ihe  uterus 
lo  be  so  packed  with  ova  that  ihe  center  of  the  segment  protrudes 
slightly. 
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When  there  exists  infection  with  Dibothnocephalus  latus,    ttie 
feces  will  be  found  to  contain  the  ova  of  this  parasite;  and  vli*^ 
detected  in  ihe  stool  of  man,  they  are  of  great  diagnostic  va.lu«' 
These  ova  are  elliptic  or  ovoid  in  contour,  and,  as  a  rule,  of   a 
muddy- white,  brownish- white,  or  brown  color.    The  ova  of    the 
dibothriocephalus  vary  from  0.06  to  0.07  mm.  in  length,  wtii'f 
the  width  of  the  ovum  is  usually  equivalent  to  about  one-half  t  hat 
ff  .igi^^gtk      At  one  end  of  the  ovum  it  is  possible  to  discern,    t>v 
the  aid  of  a  one-sixth  or  one-eighth  lens,  a  fa  int 
hyaline  band  which  outlines  an  apparent  lid  (Plali' 
27).     This  lid  may  be  either  closed  or  partia.Il>' 
opened.     In  this  connection  it  may  be  well     t" 
refer  the  reader  to  a  diagram  of  the  ova  of  t  Jie 
Trichocephalus  dispar  (Plate   26).      Upon  f**-"" 
occasions  I  have  been  asked  to  examine  fec«s 
wherein  a  diagnosis  of  infection  with  the  bolhri*^ 
cephalus  had  been  made,  and  in  both  cases     ^ 
found  ova  of  the  trichocephalus  present  only. 

Taenia  Echinococcus. — The  Txnia  ecliin  ^^ 
coccus,  or  small  dog  tape- worm,  does  not  infe^  *' 
the  intestine  of  man,  but  is  commonly  to  fc^ 
found  in  the  dog,  wolf,  and  fox.  On  accou«^^^ 
of  the  fact  that  Ihe  lar\-al  stage  (Echinococci — — " 
polymorphus)  of  this  parasite  often  develop:;^^ 
in  man,  causing  the  so-called  hydatid  cyst,  — — - ' 
may  be  of  value  to  present  the  accompanying  " 
I  t^lj  illustration  (Fig.  156)  of  the  adult  worm. 

I  ^^tf  Characteristics. — The  Ta.>nia  echinococcu.s  i::^     ' 

about   one-fourth  of  an   inch  in   length.      It  i=ss^  * 
composed  of  but  four  segments,  including  the^^-^ 
head.     The   cephalic    extremity,  which   is  pro^"^ 
longed   to   form   a   well-marked  net,  is  capped    ^ 
tchiii.;.^-™,  nihire-    by  a  pointed  roslcllum.     In  the  center  of  ihc 
^iKhi,   1.'rUi'ii.'KU.'i'.s    head  are  well-marked  sucking-cups  (Fig.  ijdl. 
iiXrT*'  *'"  '■'""    The  rostcllum  is  surrounded  by  a  double  row 
of  hooks,  numbering  between  30  and  40.     The 
(uiiil  segment,  when  sexually  mature,  is  as  long  as  the  three  anic- 
riiir  segments;  ii  is  [iroviiled  with  papilla?  at  (he  margin  of  the 
proglottis,  below  the   central  line.     The  uterus,  which  is  stuffed 
with  ova,  may  easily  be  outlincil  under  a  two-thirds  objective- 
Detection   in   Man. — The   problem   of  the   detection  of  this 
parasite  in  man  is  radically  different  from  that  for  the  dctectinn 
of  othtT  ta]>e-worms,  because  man  is  the  intermediary  host,  and 
only  the  head   or   scolex  of   the  parasite   develops.     When  the 
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scolex  develops  in  ihe  human  tissues, 
it  forms  a  lesion  known  us  a  hydatid 
cyst.  Each  larval  scole.x  is  provided 
with  a  crown  of  hooklets  (Figs.  123- 
124).  Free  booklets  and  shreds  of 
laminated,  finely  granular,  yellowish 
membrane  are  usually  found  in  the 
fluid  obtained  by  puncture  of  these 
hydatid  cysts.  In  searching  for  the 
products  of  the  Txnia  echinococcus  a 
low  power  of  illumination  is  neccssarj'. 
These  booklets  ami  scolices  are  de- 
lected by  placing  a  drop  of  the  sus- 
pected material  upon  the  center  of  a 
slide  and  studying  it  under  a  two-thirds 
objective.  It  is  more  satisfactory  to 
add  a  cover-glass  to  sucb  specimens, 
and  to  bring  the  individual  scolex  into 
focus  under  a  one-si.\th  or  one-eighth 
objective,  when  it  will  be  found  to  di.*;- 
play  the  characteristics  set  forth  in  the 
accompanying  illustrations.  Products 
of  the  T^nia  echini>coccus  are  well 
preserved  when  mounted  in  cast  med- 
ium, Farranl's  medium,  and  in  glyc- 
erin-jelly. 

Clinical  Significance. — "This  spe- 
cies, in  lis  larval  conditions,  is  prob- 
ably more  injurious  to  the  human  race 
than  all  the  other  species  of  entozoa 
put  together;  or,  to  say  the  least,  it  is 
more  frequently  the  immediate  cause 
of  death  than  anv  other  internal  para- 
site" fCobbold).' 

The  finding  of  booklets,  scolices,  or 
membrane  of  the  Ta-nia  echinococcus 
is  positive  evidence  of  infection  with 
this  parasite,  and  that  the  larval  para- 
site (scolex  I  has  developitl  within  the 
human  organism.  It  is  comparatively 
common  to  find  evidence  of  echino- 
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COCCUS  infection  in  ihe  contents  of  cysts  and  abscesses  of  the  liver, 
lung,  and  kidney.     The  scolices  develop  in  the  brain  and  men- 
inges, but  they  arc  less  common.     The  products  of  a  hydali<^ 
cyst  should  always  be  sought  for  in  the  sputum,  and  I  have  fourv^ 
them  twice  in  the  urine  (page  292). 

Taenia  Marginata. — This  parasite  (Fig.  157),  a  spcc-i*^ 
common  to  the  dog,  has  been  known  to  infest  man  in  but  f*^"*' 
Instances. 

Hymenolepis  Nana. — The  Hymcnolepis  nana  (Taenia  nam  -^  )> 
or  dwarf  tape-worm,  is  occasiona- 1  *-i 
encountered  in  the  intestinal  canal  *^' 
man,  but  is  far  more  common  in  t  ^^^ 
intestine  of  the  lower  animals.  Tt"^  *^ 
parasite  is  rare  in  America,  but  coK-*"*' 
mon  in  Italy,  Egjpt,  and  along  tl^** 
Mediterranean.  Young  individus^-  *^ 
are  oftenest  infected,  and  display  tft"^  * 
general  symptoms  caused  by  oth  ^^' ' 
tape-worms.  In  length  the  Hymen*^^^^-* " 
lepis  nana  will  be  found  to  raryb^E^" 
twcen  two  and  four  inches  (Fig.  158  _Z^  " 
Its  characteristic  outline,  except  ic^  ^ 
head,  is  practically  that  of  the  large-  -*' 
tape- worms. 

Head. — The  head  of  the  Hymcno— - 
lepis  nana  differs  radically  from  th^^" 
heads  of  other  tape- worms  herein  des— ^ 
cribed,  since  it  is  more  or  less  pear- 
shaped  and  disphiys  four  suckers  and 
a  club-shaped  rostellum  (Fig.  158).  It 
also  contains  from  24  to  30  booklets, 
which  are  arranged  in  a  single  row  to 
form  a  crown  at  the  anterior  portion 
Fi  1^1  -H  mmiii'  is  iima  ^^  ''"^  head,  I  rccoverccl  at  postmor- 
f'oni  i"i.Miiii- ..[  ;,  ,lu  ii^rsim^ji  tem  06  worms  (Hymenolepis  nana) 
"<,h}.'i:!«V"i'i..h..i-tii"<i^?',"],h;^iii  from  the  intestinal  canal  of  a  cat  thai 
K'Km"msui'»'u"aurJn'.''  '''  '''^"■'  had  been  used  for  experimental  feed- 
ing. All  these  worms  were  alive  when 
removed  from  ihc  cat,  and  while  yet  warm,  many  of  them  were 
studied  microscopically,  .^bout  half  the  number  of  parasites 
sh(>we<l  the  ilub-shaiied  rostellum  projected  from  the  head,  yet 
the  accompanying  illustration,  which  was  made  six  hours  later, 
docs  not  show  this  condition. 

Proglottides  and  Ova.— The  fjroglollides  of  the  Hymenolepis 


1 

( 

i 

TAPF  WORMS-  407 

nana  are  described  by  the  accompanying  illustration.  The  ova 
are  numerous  and  are  slightly  ojialescent,  oval  bodies  enveloped 
in  a  rather  distinct  membrant.  These  iiva  measure  from  0.039 
to  0.060  mm.  in  diameter.  In  my  series  of  studies  1  was  unable 
to  distinguish  satisfactorily  an  embryo  within  this  capsule,  although 
a  six-hooked  embryo  is  said  to  occupy  each  mature  ovum. 

Infection  with  the  Hymenolepis  nana  is  supposed  to  occur 
through  the  eating  of  certain  snails  in  which  the  cysticercus  fonn 
of  the  parasite  develops. 

Tasnia  Cucumerma.— Under  this  caption  has  been  described 
a  dwarf  tape-worm  which  resembles  in  many  respects  the  Hym- 
enolepis nana.  This  parasite  is  said  to  infect  children  and  the 
lower  animals,  especially  the  cat  and  the  dog.  It  resembles  the 
Hymenolepis  nana  in  that  it  displays  a  well-marked  rostellum 
around  which  the  booklets  are  arranged  in  rows.  In  two  speci- 
mens of  tape-worm  determined  to  be  the  Tienia  cucumerina 
and  recovered  by  me  from  the  intestine  of  a  cat  it  was  diflficult 
to  detect  any  marked  difference  between  these  parasites  and  the 
specimens  of  the  Hymenolepis  nana.  The  cvsticercus  form  of 
the  Tienia  cucumerina  is  said  to  develop  in  flies, 

Tsnia  Flavopunctata  (Hymenolepis  diminuta). — This  is  a 
rare  intestinal  parasite  of  man.  It  was  first  described  by  the  late 
Dr.  Lcidy  as  (Kcurring  in  the  human  feces.  In  1900  an  elaborate 
study  of  this  parasite,  with  the  report  of  a  ninth  case  of  infection 
in  man,  appeared  from  the  pen  of  the  late  Dr.  Frederic  A.  Pack- 
ard.* 

In  length  this  parasite  will  be  found  to  vary  Iwtween  25  and  60 
mm.  The  head  is  provided  with  two  rather  well-marked  sucking- 
cups.  The  ova  are  quite  similar  to  those  of  the  Tienia  solium. 
The  cysticercus  form  of  the  parasite  develops  in  cocoons  and 
certain  caterpillars. 

Dipylidium  Caninum.— The  Dipylidium  caninum,  or  double- 
pored  dog  tape-worm,  belongs  to  a  family  of  intestinal  para- 
sites rarely  encountered  in  man,  but  common  to  the  cat  and 
dog.  Dr.  Charles  WardcU  Stiles,  in  addition  to  reporting  an 
example  of  infection  in  a  child,  has  di-scribed  this  parasite  in 
detail. f  The  parasite  is  best  described  by  the  accompanying 
illustrations,  taken  from  Stiles  (Figs.  159, 160).  Its  segments,  which 
are  elliptic,  elongated,  tape-like  bodies,  need  not  in  any  way  be 
confused  with  those  of  other  intestinal  parasites  (Fig.  159).  The 
adult  parasite  commonly  infests  the  lower  animab,  as  above 
mentioned,  and  the  lan'al  stage  of  the  worm  develops  in  lice  and 
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in  fleas  (Fig.  t6i).     Siiles  sutes  ihal  llie  Dipylidium  caninum  is 


one  oi  ihe  smaller  tApe-wonns,  but  sliould  be  looked  upon  as  a 
pathogenic  parasite,  and  ihai  it  somt-titncs  burrows  into  the 
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Intcslinal  mucosa.  The  head  of  ihc  parasite  shows  four  sucking- 
cups  and  a  rosiellum  which  is  surrounded  by  four  rows  of  hook- 
leis. 

Ova. — A  microscopic  examination  of  the  feces  does  not  yield 
positive  information  in  all  cases  of  infection  wilh  the  Dipylidium 
caninum,  since  ova  are  not  always  present,  and  when  present,  are 
of  small  size  and  may  be  but  (cw  in  number.  In  this  respect 
infection  wilh  the  Dipylidium  caninum  differs  radically  from  in- 
fection with  Ihc  Tienia  solium, 
T^nia  saginata,  and  Ihc  Diboih- 
rioccphalus  lalus. 

The  mdindual  ovum  of  Dip- 
ylidium caninum  is  widely  differ- 
ent from  that  of  am  other  form 
of  tenia  known  lo  mfest  man 
"In  ihe  genus  tenia  we  find  a 
thick,  striated  inner  shell  (tm 
bryophore),  while  m  dip\hdium 
the  inner  shell  is  ihm"  iSliIt-.) 
A  six-hooked  embno  is  in  bt 
obbL-n'od  in  each  egg  I  Fig  16  n 

Taenia  Madagascariensis 
(Grcnet). — .A  form  of  lapt  worm 
which  has  been  found  lo  infest 
man  residing  on  the  eastern 
coast  of  Africa.  This  parasite 
may  attain  a  considerable  length 
and  its  segments  reach  a  maxi- 
mum number  of  600.  The  dis- 
tinctive features  of  this  para- 
site arc  trapezoid  segments;  a 
double  row  of  hoc)k!els  sur- 
rounding its  rostellum,  and  its 
well-dt- lined  sucking-cups.     Its  intermediary  host  is  unknown. 

Taenia  Africana. — A  parasite  detected  in  the  human  intestine 
of  man.  The  hcKsi  had  resided  in  the  vicinity  of  Nyasa  Lake. 
Linstow*  reports  the  parasite  as  being  devoid  of  booklets-  It 
may  var\'  greatly  in  length,  and  its  segments  are  broader  than 
they  are  long,  and  are  usually  stuffed  with  ova.  The  branches 
of  the  ulenis  are  not  divided  dichotomously, 

A    Questionable    Intestinal    Parasite. — Numbers    of    the 
following  desiTibed   parasites  have  been   found  in  the  feces  of 
several  cases  of  epilepsy.     1  am  not  aware  that  this  parasite  has 
*  "Ccmraibl.  f.  Bakl.  u.  P«imiit.."  1900,  vol.  xxviii,  p,  465. 
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been  recovered  from  the  Iniman  feces  except  in  ihe  United  Stales 
along  the  tributaries  of  the  Mississippi  River.  This  parasite  has 
been  studied  by  G.  H.  French.* 

The  adult  worm  is  translucent,  measures  about  J  inch  in 
length,  and  is  .shown  in  the 
accompanying  illustration 
(Fig.  162).  Its  anterior 
end  bears  two  black  hooks 
which  are  slightly  diver- 
gent, and  beneath  these 
hooks  is  a  black  central 
line,  a  suggestion  of  an 
enteric  canal.  The  ec- 
toderm is  distinctly 
divided  into  twelve  seg- 
ments, but  no  correspond- 
ing markings  are  shown 
in  the  endoderm.  The 
incisures,  with  the  excep- 
tion of  the  first  three, 
have  a  band  of  short 
spines  that  project  back- 
ward. The  posterior  seg- 
ment is  somewhat  villous  at  the  end.  A  cluster  of  spines  b 
also  seen  beneath  the  points  of  Ihe  hwiks.  French  declines  to 
classify  this  parasite. 

Helophilus. — The  helophilus  or  eristalis  (Fig.  163)  was 
recovered  by  me  from  the  feces  of  a  child  which  had  been  in 
rather  ill  health  for  some 
weeks.  During  this  illness 
the  child  had  become  mark- 
edly nervous,  and  had  also 
exiicrienccd  slight  convul- 
sions. The  mother  claimed 
that  the  child  had  passed 
from  one  to  twelve  parasites 
at  each  bowel  movement  for  pj^  ,si-p.ni.itr  inm  r«o  in  *  om  oI 
a   period   of    sex-eral   weeks,  rpiiei«r  i»fi"'i-n-p<™ri<)- 

that  the  specimen  from  which 

the  accompanying  illustration  {Fig.  163)  was  made  was  a  fair 
representative  of  the  worm,s  previously  passed- 

The   parasite   was   determined   by   Dr.  Ch.  Wardell   Stiles, 
Bureau  of  Animal  Industry,  Washington,  D.  C,  who  writes  me  in 

•  "Jour,  App.  Mic,"  Rwhtslrr,  D«,,  r^oo,  p.  loSg. 


fouiHl  iu  iht  nn  (alicr  Leucknn). 
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part  as  follows 
'ion    .    .     . 
gwcifs  belongi 


rhf  specimen  which  jx)u  sent  me  lor  dctermina- 
s  the  larval  stage  of  some  insect,  probably  a 
ng  cither  to  the  genus  Erislalis  or  Helophilus." 
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Blue-bottle  Fly. — The  larvae  of  this  insect  (Fig.  164)  are 
en  found  in  the  feces  of  man  residing  in  tropic  districts.  This 
n'nged,  cylindric  parasite  is  from  J  to  i 
iocb  long,  and  its  body  is  covered  with  tine 
spines  or  hairs, 

Neven-Lemaire*   mentions   nineteen  spe- 
cies  of  diptera  whose   larvae  may  be   found 
the  intestine  or  the  feces  of  man. 


TREMATODES  OR  FLUKES. 
Fasciola  Hepatica. — The  common  liver 


fluke  is  best  described  by  the  accompanying 
illustration  (Fig.  165).      At  its  tapering  ex- 
tremity (head)  the  parasite  is  provided  with  a 
single  sucker.      A  second  sucker  is  at  times 
detectable  upon  the  ventral  surface,  and  situ- 
ated between  these  sucking-cups  is  to  be  seen 
the  gcnilal  opening  which  leads  to  the  uterus. 
The  ova  of  this  parasite  are  ovoid  in  con- 
tour and   measure   about  0.13  by  0.8  mm.      ihc WiSi-i'imik-'ibTMu^ 
These  ova  are  brown  in  color,  and  are  pro-      \^  I'io'Taf'i"'"'^™"^ 
vided  with  an  apparent  lid  at  one  extremity      ""'■ 
(Fig.  165).     This  parasite  is  not  uncommon 
in  sheep,  swine,  and  other  animals,  as  well  as  in  man.     In  rare 
instances  the  ova  appear  in  the  feces. 

•  "  Pankiiiologie  Animale." 
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Fi(t,i6j.— 1,  NartDHrliverBuli*— FascinlBhepatiti 

cioia  hcpfltica  Kg 
FnicluU  hrpalln 

(lulH!— FmcioU  r „,    _.. 

embrya  (mlracidiunil  of  large  Amehixn  flolcew 

>n-ii»]j  {ithei  S[IIn),  6.  Egg  of  Inrgc  Americiii 
AoRe  ihowtng  KetRi-ceLlBHurTDuruled  by  Ikrve  numbe 
at  vitclKne  nlTB ;  tsB-ihcll  piovldul  whha  ca|i.  ] 
Ijnm  fluke— Dicrocirlium  Uncnluni  (aiter  Silln) 
8.  Egg  of  lancet  fluke  with  embryo  (highly  mngni 
eecDTaflerLcuckarl). 
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Dicrocoelium  Lancf 
atum    {Lancfl    Fluked  -" 
Thi-    Uitroctelium  larT-'^'^' 
alum  is  a  parasite  wh»_>^'| 
rarely   infesis    man,  w-  ^''' 
so  far  as  I  am  aware,    J^i^ 
been   detected  only  ald^fjo 
the   Baltic    Sea.      It  »— *i)l 
suffice   to    say    that    V-    ^^ 
parasite  closely  reseml^^'o 
the      Fasciola      bepati 
except    that    it    is    mil 
smaller    (Fig.    165). 
ova  are  aJso   quite  sm 
(Fig.    165),  and  are  sa 
to  contain  well-develop^"^ 
embryos. 

Fasciola  Hepatic=^^ 
Angusta  iNarrrm-  F/ukf"'^^' 
^This  parasite  is  probabS-  '^^ 
a  variety  of  ihe  liver  fluls*"^'' 
common  to  man  fFig.  165Z  ,' 
It  has  been  found  in  call!-  ^^ 
slaughtered  al  Si.  Louis.^^^' 
Blanchard  regards  this*-  , 
form  as  identical  v.Htl*^'^^ 
Fasciola  gigantica.  __^ 

Fasciola  Hepatica-^^ 
.ffigyptiaca  [Egyptian  ^*' 
Fluke).  — The  Egypti;in 
liver  fluke  is  also  to  be 
considered  in  a  study  of 
the  Iremalodes  known  to 
infest  the  human  liver  and 
bile-passages.  This  para- 
site has  been  recovered 
from  Ihe  giraffe,  and  ques- 
tion has  arisen  as  to 
whether  or  not  the  Eg>-p- 
tian  fluke  is  identical  with 
the  narrow  fluke,  Fasciola 
hepalica  angusta,  pre\-i- 
ously  described.  Cattle 
and  man  are  also  probable 
hosts  for  this  parasite. 
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Fasciola    Magna    (Large   American    Flukf). — According    to 

Slik'S,  the  large  AmL-rican  fluke  (Fasciola  magna,  Fig.  165)  is  ap- 
parently more  common  in  the  United  States  than  is  the  common 

liver    fluke    (Fasciola    hepaticaj.     According    to    Dinwiddie,    in 

certain     sections,     particularly     in 

Arkansas,    a   large    percentage    of 

the    cattle    are    infected   with    this 

organism.      Bassi    noted   that    this 

parasite  caused   a   fatal  disease   in 

deer.     1  recovered  three  specimens 

of  this  parasite  front  the  liver  of  a 

Virginia  deer, 

Distoma  Sinense  (Opisthorcis 

sinense).— MacConnell     was     di 

first  one  to  describe  the   Distnn 

sinense  as  infecting  man  in  the  K,i 

Indies.     At  present  this  parasite  is 

rather  generally  known  throughout 

Japan,  Corea,  Formosa,  and  China. 

The     Disloma     sinense    varies    in     '""'>■  "'^k»""^  " 

length  from  20  to    22    mm.,  and 

is  leaf-shaped.     This  parasite  is  of  a  reddish  shade  and,  at  limes, 

fairly  translucent. 

The  ova  var\'  in  length  from  28  1030//,  and  are  from  15  to  \-j  /t 

at  their  greatest  breadth  (Fig.  167).     In  each  ripe  ovum  it  is  pos- 
sible to  detect  a  ciliated  embryo. 

Clinical  Significance.^ According  to  Manson,  the  Disloma 
sinense  invades  the  bile-ducts  and  the  gall- 
bladder, causing  a  thickening  of  the  biliary 
canals,  which  become  greatly  e.\panded  in 
places  to  form  diverticula.  In  these  canlies 
numbers  of  parasites  are  to  be  found.  Flach 
diverticulum  communicates  with  a  bile-duct. 
The  ova  fFig.  167)  and  rarely  the  adult  para- 
sites may  escape  through  the  biliar>'  canals 
into  the  intestine  and  appear  in  the  feces. 

Baels  states  that  in  the  low,  marshy  dis- 
tricts of  Japan,  where  the  hygienic  surround- 
ings are  especially  bad,  he  found  20  per  cent. 

of  the  population  to  be  infected  with  this  parasite.      Diarrhea 

and  recurrent  attacks  of  Jaundice  arc  prominent  features  of  the 

discaiic. 
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Ascaris  Lumbricoides.— The  Ascaris  lumbricoides  is  readily 
deleclcd,  when  present  in  Hie  feces,  from  the  fact  that  it  resembles 
closely  the  ordinary  earth-worm  (Plate  26).  Ascaris  lum- 
bricoidcs  infests  the  small  intestine,  but  under  rare  conditions 
it  may  enter  the  common  bile-ducts,  the  gall-bladder,  stomach, 
mouth,  nasal  cavity,  and  appendix.  In  three  specimens  of  vomitus 
collected  from  as  many  patients  I  found  this  adult  parasite  present. 
Specimens  of  .\scaris  lumbricoidcs  will  be  found  to  var\'  greatly 
in  size,  the  female  being  by  far  the  larger  and  displaying  certain 
characteristics  shown  in  plate  36.  This  parasite  is  found  most 
often  in  children,  and  occasionally  the  worm  may  escape  from  the 
rectum  independent  of  the  bowel  movement.  Cases  are  recorded 
where  the  parasite  has  crawled  from  the  mouih  and  from  the  1 
nose  of  a  child  during  sleep. 

Oya. — Ova  of  the  Ascaris  lumbricoides  are  to  be  obtained 
from  the  material  collected  by  the  introduction  of  a  catheter  into 
the  rectum  (see  Ameba,  page  388J.  The  individual  ovum  is  of  a 
yellowish -brown  color,  nearly  round,  and  varies  from  0.06  to  0.07 
mm.  in  diameter;  and  when  studied  under  a  one-sixth  or  a  onc- 
eighlh  objective,  will  be  found  to  display  a  more  or  less  well- 
marked  double  outline  {Plate  26).  In  certain  instances  the  ovum 
will  be  found  to  contain  a  well-defined  embryo  (Plate  27).  The 
shell  of  these  ova  is  hard  and  very  resistant. 

Ascaris  canis. — The  Ascaris  canis  (A.  mystax)  resembles  in 
many  respects  the  .\scaris  lumbricoides,  but  is  much  smaller  (Plate 
26),  When  placed  under  a  low-power  objective  (two-thirds),  the 
head  of  the  .\scaris  canis  is  found  to  present  a  fan-like  projection 
from  each  side,  a  feature  which  distinguishes  the  adult  Ascaris 
canis  from  the  smaller  Ascaris  lumbricoides.  The  adult  female 
Ascaris  canis  will  be  found  to  vary  from  100  to  120  mm.  in 
length.     The  male  worm  is  about  one-half  this  size. 

Ova. — Ova  of  the  Ascaris  canis  resemble  to  some  extent 
those  of  .Ascaris  lumbricoides,  and  are  best  described  by  the  ac- 
companying illustrations.  It  is  not  rare  to  obtain  the  .■Ascaris 
canis  from  the  intestine  of  the  cat  at  postmortem. 

Ozyuris  Vermicularis. — The  Oxyuris  vermicularis  infests 
the  lower  portion  of  the  intestine  and  the  rectum,  and  occasionally 
migrates  to  the  vagina  and  bladder.  Children  are  more  often 
affected  than  are  adults.  I  have  records  of  fourteen  cases  of 
infection  occurring  in  persons  beyond  the  age  of  forty,  II  h 
usually   possible   to    collect  the   worms   from    the    anus   of   the 


1,1,  and  0.  Ascaris  lumhriroi'lcs:   r,  Male;  a,  female ;  a,  ova. 

3<  4.  5-  ^>  ^1  ^-  Ascaris  canis:  3,  Male;  4,  fcmalo:  5,  head  of  frntale  (magni- 
fied); 6,  ovum;  b',  ova,  sliowing  segrocnialion;  6',  ova  showing  embryo  (Kob- 
boW). 

6  7,  8,  and  f.  Oxyuris  vermicularis:  6,  Male  and  female  (natural  sii:e) :  7,  male; 
8,  female  (magnified);  e,  ova  (personal  r>liscrVBtion5l  (obj.  B.  and  L.  one-aLrth). 

o  and  d.  Trichixicphalus  dispat:  rj,  Female  (maRnificd) ;  d,  ova  (obj.  Queen 


II 


II 


dim 


I.  Egg  of  commnn  Asraris  lumbricoidcs  (superficial  forus;  Sriles).  i.  Same, 
median  focus  greatly  enlarged  (Utiles)-  3.  Free  embryo,  common  Ascaria  lum- 
bricoidcs casting  its  skin  (Lcuckart).  4-9.  Embryology  of  Aicam  lumbricoidcs, 
after  egg  ia  deposled  in  (eces  (Leuckart)-  jo.  Ovum  of  Oiyuris  vcrmicularis, 
showing  emb[i/o  (Leuckart).  11.  Fuli-giown  free  embryo  of  oxyuris  (Lcuckart). 
13.  Egg  ot  pork  tape-worm  (Ta;nia  solium)  without  primitive  vitelline  membrane, 
showing  striated  embryophore  (Leuckan).  11.  Egg  of  same,  with  primitive 
vitelline  membrane.  14.  15.  Egg  of  beef  tape-worm  (Leuckart).  16.  Egg  of 
Hymenolcpis  nana  (Ransom).  17.  Egg  of  the  Dibothriocephalus  lalus,  showing 
lid.      18.  Egg  of  same,  highly  magnihed. 
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patient,  and  when  thus  collected  and  placed  in  warm  water, 
they  will  live  for  a  number  of  days. 

The  female  worm  will  be  found  lo  measure  between  5  and  10 
mm.  in  length,  and  the  male  is  scarcely  more  than  half  this  size. 
From  the  sides  of  the  head  of  the  oxyuris  there  is  a  peculiar  pro- 
jection (Plate  2()).  The  extremities  in  the  male  and  female  para- 
site are  decidedly  different  (Plate  26).  It  is  claimed  that  the 
female  parasite  locates  in  the  cecum  prior  to  impregnation;  but 
my  own  observations  do  not  coincide  with  this  statement.  In 
every  case  of  pruritus  ani  observed  resulting  from  oxyuris  infection 
!  have  found  both  male  and  female  parasites  present;  and  many 
of  the  female  parasites  were  not  fully  matured  and  their  uteri  not 
filled  with  ova. 

Ova. — A  most  interesting  study  is  to  place  the  female  worm 
upon  a  previously  warmed  slide;  add  sufficient  water  partially  to 
cover  her,  and  then  examine  under  a  low-power  objccti^-e  (two- 
thirds).  The  rhythmic  contractions  of  the  uterus  are  in  this  way 
seen,  and  with  each  contraction  one  or  more  ova  escape  from  the 
vagina.  At  times  many  ova  arc  expelled  at  a  single  contraction 
of  ihc  uterus,  and  these  are  often  entangled  in  a  net-work  which 
resembles  a  fish's  spawn.  To  obtain  ova  of  the  oxyurides  for  lab- 
oratory study  place  several  adult  female  worms  in  a  small  bottle; 
add  one  or  two  ounces  of  water,  cork  with  cotton,  and  place  at 
incubating  temperature  for  from  twelve  to  twenty-four  hours.  Lift 
the  sediment  from  ihc  bottom  of  this  bottle  into  a  pipet  and  place 
a  drop  of  it  ufjon  the  center  of  a  slide;  ad<l  a  cover-glass  and 
examine  under  a  one-sixth  objccti\-e,  when  numbers  of  ova  will  be 
seen  (Plates  26,  27). 

The  ovum  of  the  oxyuris  is  about  0.05  to  0.03  mm.  The 
operculum,  or  envelop  of  this  ovum  (Plate  27),  is  thin  and  asym- 
metric, one  side  being  nearly  straight.  It  is  possible  lo  delect  in 
some  of  the  ova  a  rather  clearly  formed  embn'o. 

Ova  of  the  oxyuris  are  common  in  the  feces  of  children 
infected  with  this  parasite,  and  I  have  repeatedly  found  them  in  the 
vaginal  secretion  and  in  the  urine  of  such  children. 

Uncinaria  (Ankylostoma).— This  parasite  invades  the  intes- 
tine of  man,  and  as  a  result  of  such  infection  a  group  of  symp- 
toms are  produced  which  arc  spoken  of  collectively  as  uncinari- 
asis, ankylostomiasis,  or  hook-worm  disease.  The  total  length 
of  the  female  worm  will  vary  between  10  and  18  mm.,  while  the 
male  worm  is  but  slightly  more  than  one-half  this  length.  The 
tapering  condition  of  the  neck  and  head,  which  is  slightly  turned, 
is  described  by  figure  168,  as  is  also  the  tail  of  ihe  female  worm, 
which  tapers  gradually,  terminating  at  a  slightly  rounded  point 
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Till.-  naked-cyc  appearance  of  ihe  Uncinaria  americaiu  and 
the  Uncinaria  duodenalc  (old-world  hook-wormj  is  quite  like 
that  of  the  oxyuris,  but  when  studied  under  a  iwo-thirds  ob- 
jective, both  the  head  and  the  tail  of  the  uncinaria  will  be  found 
to  differ  radically  from  ihosc  of  the  ox\'uns.  These  features  are 
made  plain  by  the  accompanying  illust  rations.  The  tail  of  ihe 
male  parasite  displays  several  distinct  cilia,  or  hairs  (Fig.  168], 
and  a  thrce-lobed  bursa  which  serve  to  differentiate  the  uncinaris 
from  other  intestinal  parasites.  The  mouth  of  the  uncinaria 
also  quite  characteristic  (Fig.  i68).  The  uterus  of  the  female 
worm  is  readily  outlined  with  a  iwu-thiids  objective,  and 


studied  under  a  slightly  higher  power  objective   (one-siitth),  * 
seen  to  be  filled  with  ova  (Fig.  168). 

Detection  in  the  Feces. — Uncinariasis  may  exist  for  a  loo 
time  and  yet  there  be  no  parasites  in  the  feces.  In  . 
instances  it  becomes  necessary  to  administer  some  drug  for  ll 
purpose  of  expelling  these  parasites  from  the  intestinal  tra 
Before  the  administration  of  an  anthelmintic  it  is  well  to  pi 
the  patient  sufficient  citrate  of  magnesia  to  empty  the  boW 
thoroughly.  The  stomach  must  also  be  empty.  The  drug  whk 
serves  best  for  the  e-xpulsion  of  the  uncinaria  is  thymol,  which  c 
be  administered  in  doses  of  2  gm,  (31  gr.)  at  8  A.  M.  and  this  doi 
repealed  at  10  a.  m. 
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Caiilion. — It  is  necessary-  that  a  careful  watch  be  kept  over  ihe 
patit'nt  after  the  administration  of  the  lirsl  dose  of  thymol,  since 
this  drug  often  acts  as  a  decided  cardiac  depressant.  Whenever 
its  depressing  effects  are  evident,  the  hean  should  be  stimulated 
with  strychnin  or  alcohol  (alcohol  is  said  to  favor  the  absorption 
of  thymol  by  the  system).  The  administration  of  the  drug  is  not 
to  be  continued  in  such  instances  until  the  heart  has  first  been 
strengthened  by  proper  cardiac  slimulanls. 

Two  hours  later — 1 3  o'clock  u. — follow  the  last  dose  of  thymol 
with  a  liberal  dose  of  magnesium  citrate  or  of  castor  oil,  and  collect 
all  the  feces.  Worms  are  found  in  the  stools  in  from  eight  to 
twelve  hours  after  the  administration  of  th}'mol-  Add  water  to 
the  feces,  mix  thoroughly,  and  strain  through  gauze,  as  described 
under  the  Delcclion  oj  Ihe  Tape-worm's  Head,  page  397,  In  this 
manner  il  is  very  easy  to  detect  the  worms  upon  the  gauze,  from 
which  they  should  be  removed  by  the  aid  of  a  small  needle  and 
placed  in  water.  These  worms  are  well  preserved  in  70  per  cent, 
alcohol;  and  when  dehydrated,  may  be  mounted  in  Canada 
balsam.  The  worms  are  well  preserved  after  treatment  with  50 
per  cent,  alcohol  when  mounted  in  cast  medium. 

Ova  of  the  Uncinaria  duodenalc  are  to  be  found  in  the  mucus 
obtained  by  introducing  a  catheter  into  the  rectum,  and  are  also 
to  be  reco^■e^ed  from  the  feces.  The  number  of  ova  present  in  the 
feces  is  in  direct  proponion  to  the  number  of  parasites  in  the 
intestine,  yet  Ashford  stales  that  the  feces  may  contain  great 
numbers  of  ova  when  there  are  but  few  female  worms  in  the  in- 
testine. Ova,  when  present  in  the  feces,  are  detected  by  placing 
a  small  portion  of  the  dejecta  in  a  glass  and  adding  to  it  a  rather 
liberal  quantity  of  water,  mixing  thoroughly,  and  lentrifugalizing 
a  quantity  of  this  mixture.  Sediment  collected  in  this  manner 
and  studied  under  a  two-thirds  objective  will  be  found  to  contain 
ova.     Washing  of  the  feces  may  be  of  5er\ice  (page  3S7). 

Ova. — The  ovum  of  the  uncinaria  (Fig.  168)  measures  be- 
tween 0.05  and  0.06  mm.  in  length  by  0.03  10  0.04  mm.  in 
breadth.  It  is  common  to  see  ova  rather  dark  and  slightly  granular 
in  appearance  while  others  are  faintly  opalescent.  A  third  variety 
of  ova  may  be  almost  hyaline,  except  for  a  small  portion  extending 
along  one  side  of  the  capsule,  where  a  faintly  granular  body  is 
seen — an  apparent  embryo.  Ova  showing  segmentation  (Fig.  171) 
are  extremely  common.  When  the  feces  is  allowed  to  stand  at 
incubating  temperature,  the  embryos  are  seen  to  dcwiop  rapidly, 
and  some  will  have  escaped  from  their  ova  in  from  twenty-four 
to  forty-eight  hours,  The  finding  of  shells  of  ova  showing  a 
slight  line  or  opening  is  at  such  times  very  common  (Fig.  171). 
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The  embryos  are  said  to  be  found  in  the  feces,  but  pcrsoiuilyl 
have  never  been  able  to  detect  these  embrj'onic  worms  in  such 
feces. 

In  mounting  ova  of  the  Uncinaria  duodenale  and  americana 
the  feces  should  be  diluted  liberally  with  water  and  the  procESsof 
centrifugalization  be  repeated  three  or  more  time.s,  transferring 
the  sediment  to  a  clean  lube  after  each  centrifugaliMtion. 
Ova  when  washed  in  this  manner  should  be  placed  upon  the 
center  of  a  slide  and  permitted  to  dry  in  the  air.  They  may 
now  be  mounted  in  Canada  balsam,  cast  medium,  or  glycerin- 
jelly.      1  have  in  my  possession  several  slides  thus  mounicd  in 
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1896  and  at  present  these  ova  show  well  their  characteristic 
features.  The  ringing  of  the  specimen  with  microscopic  asphal- 
tum  is  not  an  absolutely  necessaiy  step  in  this  lechnic,  yet  il  is 
my  cu.Mom  to  ring  all  specimens  (page  28). 

Clinical  Significance. — The  detection  of  cither  the  adult 
parasite  or  of  its  ova  in  the  feces  is  positive  evidence  of  infectioi 
with  uncinaria.  1).  K.  Ashford  has  shown  that  a  large  percentage 
of  cases  of  anemia  studied  by  htm  in  Porto  Rico  were  caused  by 
infection  with  the  Uncinaria  duodenale   (see  Blood,  page   143)1 

Trichocephalus  Dispar.— The  Trichocephalus  hominis  i 
member  of  a  family  of  iricholrachclides  (Plate  26),  and  inhabit! 
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the  cecum  in  man.  This  parasite  will  be  found  to  vary  between  40 
and  50  mm.  in  length. 

Ova. — The  ovum  of  the  irichocephalus  is  of  nearly  the  same 
size  as  (he  ovum  of  the  uncinaria,  and  measures  about  0.05  mm. 
in  breadth  by  0.06  mm.  in  length.  The  ovum  of  the  irichocephalus 
is  unlike  that  of  other  intestinal  parasites,  since  it  displays  a 
decided  double  outline  upon  each  lateral  border  (Fig.  171). 
Another  feature  which  serves  to  distinguish  this  ovum  is  the  fact 
that  it  displays  a  hyaline  or  slightly 
yellowish  lid  at  each  extremity.  The 
central  portion  of  the  ovum  is  coarsely 
granular,  as  a  rule,  and  in  some  of  the 
specimens  there  is  seen  evidence  of 
segmentation. 

Ovsl  of  the  Trichocephalus  dispar 
may  be  mounted  in  the  manner  des- 
cribed for  mounting  the  Uncinaria 
duodenale.  It  is  claimed  for  the 
Trichocephalus  dispar  that  it  is  to 
be  found  throughout  the  civilized 
world. 

Clioical  Significance. — In  the  feces 
from  all  cases  of  infection  with  the 
Uncinaria  duodenale  I  have  found 
ova  of  the  trichocephalus.  Ashford 
has  informed  me  that  these  ova  are 
always  present  in  the  feces  of  persons 
sutTering  from  uncinariasis,  and  that 
the  degree  of  anemia  caused  by  the  t  ri- 
chocephalus  remains  an  open  qucslimi. 
Upon  two  occasions  I  have  deltiii  I 
ova  of  the  trichocephalus  in  the  urim 
and  they  are  commonly  met  with  in 
the  feces  of  typhoid  ftver  and  uf  dys- 
entery. 

Strongyloides  Intestinalis.— 
Specimens  of  the  Strongyloides  intes- 

tinalis  are  commonly  found  in  the  feces  of  persons  residing  in 
China  and  in  tropic  and  sublropic  districts.  Of  recent  years 
this  parasite  has  Ijcen  found  in  southern  United  States.  Thayer 
contributed  an  admirable  monograph  on  this  subject,* 

The  length  of  the  adult  female  worm  is  about  1  mm,  and  its 

greatest  breadth  about  0.04  mm.     The  head  tapers  slightly,  and 

I  the  tail  terminates  in  a  fine  point.     In  the  liWng  parasite  there  arc 

I  to  be  seen  slight  transverse  furrows.     The  mouth  displays  three 

•  "Joui,  lit  Ei[t.  M"l  ,"  Nov.  II),  1901. 
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distinct  lips,  and  is  continuous  with  a  triangular  esophagus  whiufi 
becomes  constricted.  Beyond  this,  constriction  is  again  expanded 
to  form  an  ovoid  enlargement.  The  uterus  is  readily  oullincd, 
and  is  slightly  posterior  to  the  center  of  the  body,  on  the  vcnirai 
surface  of  which  is  a  small  opening  which  leads  to  the  iiteras, 
Price*  states:  "In  some  instances  the  young  had  actually  broken 
the  shell  and  were  seen  in  the  uterus,  though  more  often  the  ova, 
on  deposition,  contained  well-formed  motile  embryos." 

The  male  parasite  is  slightly  smaller  than  the  female  (Plate  2S). 
The  peri-intestinal  cells  are  accompanied  by  what  appears  to  be  a 
long  gland  composed  of  small  globules.  This  gland,  probably 
a  testicle,  extends  to  the  base  of  the  tail,  where  it  terminates  in 


'     ;'  '  """''*i?°«ti 


Fie- 171.— ■.  I.  Ovum  of  Tiichocenhalui  diipar  m  'lin< 
par  coniainingembr).!}:  4.  ovum  olTriclioceph>lusdis|Mr 

Na.  6,  X  looo;  11,  degeneralnl  ovum  ni  L'litiiarlndui.iici. 
worm.aliowliigtuplureof ihcll;  ij. em riiy shell ;  u.ihniFii 
obiervaljoni]:  15.  cscapiiiE  embrjo  (atlit  Perroncilo);  in 
lemalc,  TiBlunil  size  I  a  Her  St  lies  |. 


two  hom-like  spicules.  These  worms  are  to  be  found  postmortem 
in  the  duodenum,  jejunum,  and  occasionally  in  the  ileum.  ThcjT 
at  times  migrate  to  the  stomach,  even  under  apparently  normal 
conditions,  and  have  been  found  in  the  vomitus  following  the 
administration  of  an  emetic.  They  are  also  to  be  found  in  the  stools. 
When  the  stools  are  kept  warm  for  a  variable  period,  ihey  will  be 
found  to  contain  an  embryonic  parasite  which  is  much  longer, 
thinner,  more  homogeneous,  and  more  active  than  is  the  or. 
dinary  rhabditiform  embryo  (Fig.  172).  This  parasite  is  the 
strongyloid  in  its  embryonic  state.  The  parthenogenetic  female 
worm  (capable  of  production  for  several  successive  generations 
"  "J""'-  Amtr.  Med.  A=s.,"  Scpi,  ij,  ti)03,  p.  651. 
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without  renewed  fertilization  by  the  male)  also  displays  a  strongj'- 
loid  type,  and  p<>ssibiy  develops  directly  from  this  strongj'loid 
embrjo.  The  strongjioid  embryo,  while  longer  than  the  rhabditi- 
form,  docs  not  allain  the  size  of  the  parthcnogenctic  mother- 
worm.     Price  has  offered  the  following  table  of  measurements: 

Fret  ParlhribDfenrEic 


D.04  It 


0,03  IT 


The  ova  of  the  Strongyloides  inteslinalis  resemble  in  certain 
respects  the  ova  of  the  uncinaria,  ami 
measure  from  60  to  70  /<  by  35  !ii  _^y  «. 

Strongyloides  Subtilis.— Strongy- 
loides subtilis  is  generally  known  as  an 
Egyptian  and  Japanese  slrongle.  In 
view  of  our  tropic  possessions  and  Ihc 
frequency  with  which  persons  travel  in 
Japan  and  Egypt,  the  possibility  of  this 
jiarasite  becoming  fairly  common  in 
Americans  is  increased.  Jt  has  not 
been  proveil,  however,  thai  the  Strong)'- 
loides  sublilis  (Plate  28)  has  not  a  far 
wilier  geographic  di>iribiition. 

Recognition. — In  a  general  way, 
according  lo  Stiles,  strongylida.-  may  be 
determined  by  the  following  character- 
istics: "  Body  slender;  anterior  extremity 
(Kcasionally  with  ahe.  .  .  .  Mduth 
small,  without  teeth;  lips  soft,  often 
indistinct,  pai.il!:e  very  small.  .  .  . 
Bursa  (male!  entire  or  excised  venirally, 
in  some  cases  bi-,  tri-,  or  multilobed; 
sjiicules  2,  often  wilh  accessory  piece." 
The  uterus  disjilays  two  hums,  and  the 
vulva  is,  as  a  rule,  situated  in  the 
eaurlal  half  of  the  bo.ly.  This  para- 
site will  be  found  to  van.'  between  4  and 
7  mm.  in  length ;  its  oral  papilhe  are  n<it 
rons])ii  iioiis,  and  ii^  cuiii  le  displays  fine 
transver-.e  slrialion-;  iongitudinal  lines 
are  al-o  pn>ent.  The  lateral  longilu- 
dinal  line-  are  more  distinct  than  are 
the  central  line>.  The  male  para-ite  is  c 
and  si'Mom  e.\eee<ls  5  mm.  in  length. 


in>i(lerably  the  smaller. 
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Ora. — ^The  ova  of  ihe  parasite  are  oval  in  coniour,  and,  accord- 
ing to  Stiles,  measuFe  about  63  by  40  /i ;  the  shell  is  thin,  and  the 
egg  contents  are  highly  granular.  Segmentation  is  not  seen  in 
the  o\3  obtained  from  parasites  of  a  human  host.  It  has  not  been 
proved  that  Ihc  detection  of  the  ova  in  the  feces  is  practical,  since 
it  is  thought  they  occur  only  "■here  a  severe  grade  of  infection 
exists. 

Anguillula  tntestinalis. — Ora  of  the  .Anguillula  iniestinalis 
are  seldom  to  be  found  in  the  feces,  but  the  embnos  of  this  parasite 
are  commonly  found  in  the  dejecta.  The  ova,  when  present,  are 
slightly  longer  than  are  the  oi-a  of  the  uncinaria,  more  elliptic,  and 
decidedly  more  tapering  at  their  poles.  The  aduh  worm  may 
appear  in  the  feces. 

Trichinella  Spiralis.^The  Trichinella  spiralis  is  introduced 
into  the  sj'stem  through  the  ingestion  of  infected  meats  in  which  Ihe 
embryo  worms  are  encysted.  The  first  sjinptoms  of  infection  with 
the  trichinae  that  concern  us  from  a  clinical  standpoint  are  those 
of  gastro- intestinal  irritation — nausea,  vomiting,  and  diarrhea. 
These  s>-raploms  do  not  ap(>ear  until  about  one  week  after  the 
taking  of  infected  meats.  I  have  found  these  symptoms  to  appear 
in  a  diorter  period  (three  days)  where  an  animal  had  been  fed  a 
large  amount  of  measly  pork.  It  is  the  rule  for  these  symptoms 
to  be  rather  mild  in  man,  and  for  the  disease  to  progress  to  the 
stage  where  the  embryos  become  lodged  in  the  muscle-lissue  before 
it  is  recognized.  Trichinosis  is  a  not  uncommon  disease  through- 
out Europe  and  in  .\merica. 

Feces. — The  feces,  when  collected  during  the  parojcj-sm  of 
gastro- intestinal  syinptoms,  may  at  times  contain  the  adult 
trichinie  (Fig.  1 73) ;  and  the  detection  of  this  parasite  in  the  feces 
differs  in  no  way  from  thai  outlined  for  the  detection  of  the 
Vncinaria  duodenalc. 

Embryos. — Embrj'os  of  the  Trichinella  spiralis  are  found  in  the 
muscles  in  practically  all  portions  of  the  body.  The  accompanyitig 
original  illustrations  (Figs.  174,  175)  were  sketched  from  portions 
of  muscles  recovered  upon  the  twenty-first  day  and  during  the 
seventh  week  after  the  first  symptoms  of  the  disease,  and  figure 
176  was  obtained  one  year  later. 

Detection. — In  man  a  most  favorable  point  of  election  b  the 
outer  head  of  the  gastrocnemius  or  the  tendinous  portion  of  the 
soleus  mu.scle.  An  established  fact  is  that  the  larvx  arc  far  more 
numerous  near  the  tendinous  insertions  of  the  muscles. 

I.  Cleanse  the  skin  overlying  these  tendons  as  though  pre- 
paring for  any  surgical  operation. 

a.  Inject  into  the  skin  a  few  drops  of  a  4  per  cent,  solution  of 


I 
I 


Sthokcvlus  Subtjlis. 
I.  Full-grown  mali'. 
a.  Fe-matc. 

J.  Spicule*  of  male  wilh  [rowcl-shapcd  nccraaary  spine. 
4.  Transvenc  wclion  through  middle  of  esophagus. 
<;.  Anlcriar,  6.  pcaicrior  trction  through  vagma. 

7.  Tranivtne  sectian  through  dinial  part  at  vagina. 

8.  Anterior  end  of  female  (all  greatly  enlarged^  (Loo«t). 
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cocain  hydrochlorate.    The   deeper  structures  may  be  injected 
do^?v^l  to  the  sheath  of  the  muscle,  but  in  most  instances  deep 
^j^crtion  is  not  required. 
^  from  two  to  five  minutes 
an^^thesia  will  be   found 
^o  V:>e  complete. 

3.  Make    an    incision 
^^o  or  three  inches  long 
^i^t"ectly  over   the   tendin- 
ous portion  of  the  muscle, 
dividing  the  skin  and  fas- 
cia until  the  sheath  of  the 
Muscle  tendon  is  exposed. 
Grasp  the  sheath  of  the 
tendon  with  a  rat-toothed 
forceps,    make    a    longi- 
tudinal  incision   into  the 
sheath,     and     keep     the 
sheath  separated  by  grasp- 
ing each  margin  of  the  in- 
cised sheath  with  a  forceps. 
Take  up  a  small  portion  of 
the  muscle-tissue  and  dis- 
sect it  away  with  the  aid 
of  a  scissors. 

4.  Place  this  small  bit 
of  muscle-tissue  in  a  glass 
containing  warm  water. 

Caution. — Should  the 
muscle  be  placed  in  gly- 
cerin or  in  alcohol,  the 
movements  of  the  trichinae 
are  arrested. 

5.  Close  the  wound 
with  two  or  more  sutures, 
and  dress  aseptically. 

By  this   method  suffi- 
cient  muscle   can   be   re- 
moved for  clinical  study  without  danger  to  the  patient.      The 
plunging  of  a  harpoon  into  the  muscle  is  not  advocated. 

Study  of  the  Tissue. — i.  Clip  a  small  piece  from  the  mass 
of  tissue,  always  cutting  transversely  to  the  muscle-fibers.  Place 
this  clipping  on  the  center  of  a  slide,  add  to  it  a  few  drops  of  water, 
and  tease  the  particle  of  tissue  until  the  fibers  are  well  separated. 


Fi 
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173.— Adult  intestinal  Trichinella  (human): 
Ic,  and  two  embr^-os,  the  former  natural 


male,  tema 

size,  the  latter  slightly  magnffied  (Birch-Hirschfeld). 


THE    FECES, 


2.  Wilhout  the  addition  of  a  cover-glass  place  the  specimen 
under  a  Iwo-lhirds  objective  and  examine  for  the  larval  trichina 
(Figs.  174.  175)-  By  the  addition  of  a  cover-glass  the  trichina 
may  be  studied  under  a  higher  power  objective — one-sixth  or  one- 
eighth. 

Trichina  are  best  seen  with  a  low  illumination,  since  the  para- 
site is  often  rendered  transparent  when  the  light  is  loo  strong. 
In  the  process  of  teasing  the  muscle-tissue  certain  parasites  are 
usually  freed  from  the  tissue  and  appear  in  liquid  upon  the  slide 
(Fig.  174).  During  the  first  two  months  after  infection  with 
Trichinella  spiralis  the  larval  parasite  becomes  actively  motile  when 
it  is  separated  from  the  muscle-tissue.  It  will  uncoil  and  recoil 
itself,  allowing  its  more  pointed  extremity  to  remain  stationan', 


while  the  remainder  of  its  body  stretches  across  the  field.  When- 
ever this  larva  comes  in  contact  with  any  muscle- tissue,  it  appears 
to  cling  tightly  to  it,  at  once  resumes  its  usual  spiraMikc  position, 
and  remains  quiescent.  In  the  study  of  a  number  of  parasites  no 
movement  was  ever  detected  when  the  parasite  was  in  contact  with 
the  muscle- tissue. 

After  a  variable  period  of  time  these  larval  parasites  become 
encysted  in  the  muscle- tissue,  and  at  times  appear  to  be  within  a 
single  muscle-iiber  (Fig.  1 76),  Still  later  the  sheath  enveloping  ihc 
larvE  becomes  calcified.  I  found,  by  freeing  the  encapsulated 
trichina,  that  it  often  possesses  slight  movement,  but  the  decided 
movements  displayed  by  the  parasite  before  encapsulation  are 
lacking,     I  conducted  a  scries  of  feeding  experiments  at  the  Phila- 
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delphia  Hospital  in  1898,  and  it  will  sufiicc  to  state  that  cals,  rats, 
and  white  mice  are  readily  infected  with  (he  Trichina  spiraHs. 

Permanent  Mounts. — 
When  it  is  desired  that  per- 
manent mounts  be  prepared, 
tease  a  small  portion  of  a 
muscle- fiber  on  the  center 
of  a  slide,  evaporate  nearly 
to  (irsncss,  and  then  add  to 
the  specimen  suHicient  cast 
medium,  Farranl's  medium, 
or  glycerin- jelly  to  cover  it 
completely.  Then  allow  a 
cover-glass  to  fall  gently  upon 
the  mcrlium  and  specimen. 
Place  such  mounted  speci- 
mens in  a  cool  place  for 
twenty- four  to  forty-eight 
hours,  and  ring  wilh  some 
form  of  microscopic  cement.  The  specimens  from  which  the 
accompanying  illustrations  were  sketched  were  mounted  in  this 
manner  seven  years  ago,  and  at  jjreiient  they  show  equally  well 
all  characteristics  of  the  parasite. 


CHAPTER  V. 

THE  SPUTUM. 

COLLECTION. 

Sputum  should  be  collected  in  a  suitable  receptacle,  for  which 
purpose  I  find  an  ordinary  vaselin  btJllle  most  convenient.  This 
should  be  placed  at  the  palienl's  bedside  or  in  his  n«m,  so  that 
at  the  time  of  the  morning  exacerbation  of  coughing  he  may 
expectorate  directly  into  the  bottle.  If  possible,  the  bottle  should 
be  filled  one-half  or  more  with  sputum,  when  it  should  be  corked 
tightly  and  wrapped  in  a  quite  heavy  paper,  upon  which  the  name 
of  the  patient  is  to  be  clearly  written. 


Caution. — Do  not  add  water  to  the  sputum. 

A  paper  spit-cup  has  been  devised  for  the  collection  of  sputum 
at  the  bedside,  and  is  of  special  value,  since  it  may  be  burned 
after  use.  I  have  found  an  earthen  cup,  provided  with  a  concave 
cover  in  the  center  of  which  is  a  small  opening  like  that  in  a  cus- 
pidor, equally  satisfactory.  These  cups  may  be  disinfected  by 
boiling  or  by  strong  bichlorJd  solution,  a  feature  of  greatest  impor- 
tance in  any  receptacle  used  to  collect  sputum. 
416 
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METHOD  OF  COLLECTING  SPRAY. 

This  is  accomplished  by  means  of  a  mask  (Figs.  178,  179), 
made  from  German-silver  wire,  one  piece  of  which  is  molded  to 
fit  ihe  face,  resting  on  ihe  nose,  cheeks,  and  chin.  To  obviate  any 
irritation  lo  the  patient  this  portion  is  covered  by  a  piece  of 
rubber  tubing.  Suspended  from  this  wire  is  a  second  oblong 
portion  provided  with  two  lateral  grooves,  which  ser\'e  to  accom- 
modate two  microscope  slides.  When  the  mask  is  in  position, 
the  slides  arc  held  direclly  in  front  of  the  mouth  and  nose,  at  a 
point  three  inches  distant  from  the  lips.  The  mask  is  held  in 
position  by  an  clastic  band  which  passes  above  the  cars  and  over 
the  occiput  (Fig.  179), 

Patients  are  allowed  to  wear  the  mask  with  the  clean  slides 
in  position  for  from  one  lo  one  and  a  half  hours,  during  the  day, 
when  they  are  apt  to 
cough  least,  and  arc  in- 
strucled  to  remove  it 
during  a  parox>'sm  of 
coughing.  Il  is  never 
worn  during  the  moming 
or  evening,  the  object 
being  not  lo  collect  on 
the  slide  the  spray  pro- 
duced by  vigorous  cough- 
ing, which  has  already 
been  studied,  but  to 
determine  whether  or 
not  consumptives 
emit  a  fine  spray, 
when   talking,  laughing,  "'  "*" 

clearing  of  throat,  or  by 
their  characteristic  hacking,  that  was 
the  health  of  their  associates. 

Fifty  patients,  34  males  and  16  females,  all  of  which  presented 
unquestionable  evidence  of  either  pulmonary  or  laryngeal  tubercu- 
losis and  in  whose  sputa  tubercle  bacilli  had  been  found,  were 
made  to  wear  the  mask  as  above  described. 

Microscopic  Study. — S]>ecimens  are  fixed  and  stained  by 
carbolfuchsin  and  Gabbett's  acid-blue  solution.  Of  the  specimens 
collected  from  50  patients,  those  from  49  were  found  lo  contain 
bacteria — the  diplococcus  and  the  streplococcus  being  the  most 
constant,  yet  bacilli  and  clusters  of  cocci  were  not  unusual.  A 
single  minute  droplet  often  contained  organisms  of  each  class. 


I  any  way  dangerous  to 
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Of  these  50  Specimens,  3S  were  found  to  coniain  tubercle 
bacilli  in  variable  numbers,  4  to  6  bacilli  being  the  smallest  number 
found  in  any  specimen,  and  many  of  the  specimens,  under  a 
one-lwelflh  oil-immersion  objective,  showed  fields  of  bacilli  too 
numerous  in  be  counted. 

CHARACTERISTICS  OF  SPUTUH. 

Quantity. — The  quantity  of  sputum  ejected  during  the  Iwcnly- 
four  hours  will  be  found  to  vary  greatly,  and  will  bear  n  dirKt 


relation  to  the  nature  of  the  disease  in  question.  The  quantilv 
varies  from  a  few  cubic  centimeters  to  500  or  even  1000  c.c.  a 
day.  Profuse  expectoration  is  10  be  seen  in  pulmonarj'  hemor- 
rhage, pulmonan'  edema,  bronchiectasis,  tuberculosis,  rupture  of 
an  abscess  into  the  lung  (diaphragmatic,  hepatic,  pulmonan-),  and 
rarely  in  pleural  effusions.     The  so-called  albuminous  sputum. 
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which  is  observed  in  gangrene  and  bronchial  blennorrhea,  is  often 
profuse.  In  acute  processes  the  sputum  is  generally  scanty  or 
moderate  in  amount. 

Odor. — The  odor  of  the  sputum  can  be  regarded  as  a  charac- 
teristic in  but  two  conditions — viz.,  pulmonary  gangrene  and 
putrid  bronchitis,  in  which  diseases  it  has  a  heavy,  pungent  smell. 
At  times  an  odor  resembling  that  of  gangrene,  and  equally  un- 
pleasant, is  emitted  from  the  sputum  of  bronchiectasis.  Sputum 
that  has  been  allowed  to  stand  at  room-temperature  develops  a 
decided  odor  in  seventy-two  hours.  A  sweetish  odor  is  often 
emitted  by  the  sputum  in  cases  of  pulmonary  ulceration, 
bronchitis,  and  perforating  empyema.  When  tyrosin  is  present 
in  the  sputum  of  empyema,  the  odor  resembles  that  of  rancid 
cheese.  In  case  the  odor  of  tyrosin  is  detected  in  the  sputum,  it 
suggests  that  some  extraneous  purulent  material  has  gained 
access  to  the  bronchial  tract. 

Consistence  and  Tenacity. — The  density  of  the  sputum 
will  be  found  to  correspond  more  or  less  closely  to  the  amount, 
and  to  vary  from  a  watery  fluid  to  that  of  a  gelatinous  mass. 
At  times,  when  the  sputum  is  placed  in  a  cylindric  glass,  it 
will  be  found,  upon  standing,  to  have  separated  into  strata,  the 
superior  of  which  is  covered  with  a  heavy  froth  or  beaded  with  fine 
air-bubbles.  The  sputum  immediately,  and  for  some  distance 
below  the  froth,  will  be  found  clear  and  of  a  liquid  consistence. 
Below  this  stratum  will  be  found  a  layer  containing  flocculi  and 
particles  of  mucus;  while  the  lowest  stratum,  which  may  at  times 
be  the  deepest  and  again  the  shallowest  of  these  strata,  is  often 
composed  of  a  sediment  which  is  purulent  or  bloody.  Sputum 
may  be  of  a  creamy  consistence,  its  color  dci)ending  largely  upon 
the  character  of  the  substances  of  which  it  is  composed.  Liquid 
sputum  is  found  in  edema  of  the  lungs,  tuberculous  laryngitis, 
early  in  pulmonary  tuberculosis,  perforation  of  an  empyema,  or 
of  a  diaphragmatic  or  hepatic  abscess;  and  in  pulmonary  abscess 
and  gangrene,  in  all  of  which  diseases  the  quantity  may  be  large. 

The  exact  causes  for  the  high  degree  of  tenacity  often  displayed 
by  the  sputum  remain  undetermined.  Mucin,  while  once  regarded 
as  an  important  factor,  does  not  appear  to  contribute  largely  to 
this  feature,  since  highly  tenacious  sputum  is  known  to  occur  in 
cases  in  which  the  quantity  expectorated  during  the  twenty-four 
hours  is  but  slight — not  exceeding  a  few  cubic  centimeters  (lobar 
pneumonia).  A  highly  tenacious  sputum  was  observed  by  me  in 
a  case  in  which  an  amebic  abscess  had  ruptured  into  a  bronchus. 
The  tenacity  of  the  sputum  is  detected  by  inclining  or  inverting 
the  receptacle  into  which  it  has  been  expectorated.     Tenacious 


430  THE    SPl'TL-U. 

sputum  shows  little  or  no  tendency  to  flow,  but  adheres  closely  to 
the  surface  of  the  vessel;  indeed,  the  receptacle  with  its  conlaine*^ 
sputum  may  be  inverted  without  danger  of  spilling.  Such  a  cor^ 
ditian  is  rather  characteristic  of  the  sputum  of  croujjous  pneumc^ 
nia  before  the  crisis,  and  is  occasionally  seen  following  an  acui 
attack  of  asthma,  as  well  as  in  the  early  stage  of  acute  bronchitis* 

Specific  Gravity.— The  specific  gravity  will  likewise  be  founcr; 
to  fluctuate  greatly,  and  will  depend  directly  upon  the  gencnit 
character  of  the  sputum.  Mucous  sputum  varies  from  1.003  '"* 
i.oi;  purulent  and  bloody  specimens  vary  between  1.014  and 
1.025;  while  serous  and  highly  bloody  sputum  may  reach  1.035^. 
but  rarely  exceed  this  figure. 

Determination. — The  specific  gravity  of  the  sputum  is  be^ 
determined  by  placing  a  quantity  of  sputum  in  a  bottle  the  stopper 
of  which  is  held  in  position  by  a  wire,  to  prevent  evaporation. 
The  sputum  is  then  cautiously  heated  to  60°  C.  (140°  F.),  at  which 
temperature  it  is  converted  into  a  thin  fluid;  the  specific  gravity 
may  be  taken  in  the  usual  manner  (see  Urine,  page  172). 

Reaction. — Sputum  is  of  an  alkaline  reaction. 

Color. — The  sputum  will  be  found  to  vary  greatly  in  color 
from  that  of  a  perfectly  clear,  transparent  liquid,  through  the 
successive  shades — gray,  yeUow,  amber,  orange,  olive  green,  red, 
chocolate,  and  black.  When  the  expectoration  is  entirely  mucoid, 
it  is  colorless  and  nearly  transparent— for  example,  in  the  sputum 
of  pulmonary  edema  (when  no  blood-ceUs  are  present)  and  in  ihe 
so-called  "  albuminous  expectoration." 

The  presence  of  leukocytes  in  the  sputum  renders  it  opalescent 
or  turbid,  according  to  the  number  of  cells  present;  and  the  color, 
from  the  same  cause,  is  first  white,  then  yellow,  and,  finaUy,  of  a 
greenish  hue.  Green  spulum  may  also  be  caused  by  the  admix- 
ture of  bile-pigments,  a  not  uncommon  feature  of  lobar  pneumonia 
when  complicated  by  jaundice,  and  by  the  communication  of  a 
hepatic  abscess  with  the  bronchial  tract.  The  presence  of  bacteria 
(Bacillus  pyocyaneus)  may  be  accountable  for  a  green  color.  In 
cases  of  amebic  abscess,  whether  hepatic  or  pulmonary,  the  spulum 
resembles  ancho\'y  sauce  in  color,  as  was  observed  in  my  private 
practice. 

Black. — Gray  sputum  may  result  from  the  inhalation  of 
particles  of  carbon,  while  the  sputum  of  coal-miners  and  those 
residing  in  the  mining  districts  is  often  dark  and  at  times  black,  due 
to  the  presence  of  coal-dust  (anlhracotic  spulum,  Plate  30). 
Particles  of  iron  may  give  the  sputum  a  yellow  or  red  color. 

Bloody  Sputum. — Sputum  tinged  with  blood  and  studded 
with  minute  air-bubbles^"  rusty  sputum  "^s  quite  characteristic 
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of  lobar  pneumonia;  and  rusty  sputum  displaying  bloody,  punctate 
areas  is  to  be  seen  in  connection  with  brown  induration  of  the 
lung.  Blood  gives  the  sputum  a  red  color,  which  varies  in  in- 
tensity with  the  amount  of  this  tissue  added.  It  is  most  often 
encountered  in  pulmonary  congestion  and  in  ulceration  (phthisis). 
Less  frequently  hemorrhagic  sputum  may  result  from  cardiac  in- 
sufficiency through  an  embarrassed  pulmonar>'  circulation.  When- 
ever the  blood  is  expectorated  as  soon  as  it  escapes  from  the  vessels, 
it  will  be  found  to  be  of  a  bright-red  color;  but  retention  in  the 
bronchi  favors  the  development  of  a  brownish-red,  dirty-brown, 
or  chocolate-colored  sputum.  The  last  is  fairly  characteristic  of 
pulmonary  gangrene,  although  sputum  indistinguishable  in  color 
from  that  of  pulmonary  gangrene  is  to  be  seen  in  cases  in  which 
large  tuberculous  cavities  exist.  Bloody  and  dark-brown  sputa 
are  also  to  be  observed  in  abscess  of  the  lung,  as  well  as  in  gangrene. 
In  these  cases  the  color  probably  depends  upon  the  presence  of 
hematoidin,  bilirubin,  or  both.  Prune-juice  sputum  results  when 
blood  is  retained  in  an  edematous  lung;  and  currant- jelly  sputum 
is  regarded  as  suggestive  of  a  malignant  disease  of  the  lung. 

Mucous  Sputum. — This  variety  of  sputum  is  clear,  sticky, 
tough,  and,  during  the  early  stage  of  bronchitis,  scant.  In  the 
later  stage  of  bronchitis  pus-cells  are  added  which  render  the 
sputum  more  copious  and  give  it  a  yellowish  or  a  greenish  color. 

Mucopurulent  Sputum. — ^This  is  a  variety  of  sputum  seen 
in  connection  with  many  forms  of  pulmonary  disease.  It  is  of 
little  clinical  value  except  in  cases  of  pulmonar>'  tuberculosis,  in 
which,  in  the  event  of  cavity  formation,  minute,  ragged  clumps 
of  mucopus  which  are  intimately  surrounded  by  mucus  may  be 
seen. 

Coin-like  masses  of  sputum  {nummular  sputum,  often  regarded 
as  characteristic  of  cavity  formation),  when  first  expectorated, 
float  upon  the  surface;  but  after  a  lime  sink  to  the  bottom  of 
the  liquid,  where  an  aggregation  of  these  coin-like  bodies  forms 
a  dense,  purulent  sediment.  At  times  such  sputum  separates 
into  three  layers — viz.,  an  upper  frothy  mucous,  a  middle  serous, 
and  a  lower  purulent  layer.  In  cases  of  old  cavities  the  sputum 
may  contain  grayish-white  masses,  or,  equally  important,  round 
or  irregular  particles  varying  in  size  from  that  of  a  pin's  point 
to  that  of  a  millet-seed  (caseous  particles).  These  usually  fall 
through  the  liquid  portion  of  the  sputum  and  collect  at  the  bottom 
of  the  vessel;  but  should  they  contain  air-bubbles,  they  then  pos- 
sess a  variable  degree  of  buoyancy  and  float  upon  the  surface  or 
are  suspended  in  the  liquid  at  different  depths.  Such  sputum  is 
fairly  suggestive  of  the  second  and  third  stages  of  tuberculosis. 
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Similar  masses  have  been  found  in  the  sputum  of  healthy  inrfi- 
^'iduals  (rarely),  and  they  are  occasionally  seen  in  cases  of  ton- 
sillitis; but  these  particles  differ  from  those  found  in  the  receni 
sputum  of  tuberculosis  by  emitting  an  unpleasant  odor  when 
crushed  with  a  needle,  and  by  not  containing  tubercle  bacilli. 

Serous  Sputum. — This  variety  of  sputum  may  be  eniirrly 
distinct  from  mucous  expectoration.  It  appears  as  a  water)' fluid 
which  is  often  blood-streaked.  It  is  fairly  characteristic  of  edema 
of  the  lungs,  and,  in  the  absence  of  blood-cells,  resembles  soapy 
water. 


MICROSCOPIC  STUDY  OF  THE  SPUTUH. 

With  the  aid  of  the  microscope  positive  diagnostic  evidencES 
are  to  be  obtained  from  the  examination  of  the  sputum.  A  micro- 
scopic study,  on  the  other  hand,  is  often  merely  suggestive  of  the 
existence  of  certain  maladies. 


ORGANIZED  CONSTITUENTS. 
Fibrinous  Coagula. — During  the  course  of  certain  pathologic 

conditions  an  exudate  is  deposited  in  the  smaller  bronchi,  and 
after  having  undergone  certain  degenerative  changes,  this  exudate 
results  in  the  formation  of  a  complete 
cast  of  a  small  bronchus  and  its  branch- 
ing bronchiiilcs,  so  that  a  variable  area 
of  the  lung  may  be  involved.  During 
the  act  of  coughing  a  small  amount  ol 
this  coagulum,  which  now  forms  a 
complete  ca.^t  of  the  bnmchus,  is  dis- 
lodged and  appears  in  the  sputum  as 
a  small,  gray,  white,  reddish,  yellow, 
malnjgany,  or  bloody  particle  readily 
detected  by  the  naked  eye.  Such 
casts  may  vary  from  2  to  lo  cm.  in 
length  and  from  i  to  3  cm.  in  thickness. 
Detection.— Fibrinous  casts  may 
■'■  be  recognized  by  placing  suspicious 
particles  of  the  fresh  sputum  Ix'tween 
rather  iirm  pressure  upon  the  upper  slide. 
The  (|Ufstii>nabk'  pariick'.s  are  clearly  demonstrable  when  brought 
in  focus  unricr  a  Iwo-iliinis  or  onc-fourlh  inch  objective  (Fig.  180). 
They  appear  as  fine  stems  or  central  trunks  from  the  sides  of  which 
several  snialliT  casts  may  be  .^^een  extending.     From  one  cxtremitv 


.slides  and  niakiri 


ORGANIZED   CONSTITUENTS. 


433 


of  the  trunk  is  seen  to  extend  a.  number  of  small,  twig-like  fila- 
ments which  divide  dichotomously  to  form  casts  of  the  smaller 
bronchi.  The  diameters  of  these  branches  diminish  gradually 
and  terminate  in  delicate  points.  In  immediate  connection  with 
these  casts  leukocytes,  red  blood-cells,  and  epithelial  cells  may  be 
seen,  and  sometimes  Charcot -Ley  den  crystals  (Fig.  i8i). 

Clinical  Significance. — Fibrinous  casts  have  been  found 
in  the  sputum  of  fibrinous  bronchitis,  croupous  pneumonia  near 
the  time  of  resolution,  and  in  cases  in  which  there  is  a  diphtheric 
process  in  the  finer  bronchi. 

Bronchial  Spirals.^ — These  bodies,  when  present  in  the  spu- 
tum, appear  to  the  naked  eye  much  the  same  as  do  bronchial 
casts,  except  that  they  are 
always  white  or  yellowish  in 
color. 

Detection.— T  r  e  a  t  the 
sputum  as  described  in  the 
technic  given  for  bronchial 
casts:  at  times  it  will  be 
found  necessary  to  use  a  high- 
power  objective  (one-sixth  to 
one-eighth).  Spirals  appear 
as  faint,  translucent,  elongated 
masses,  with  indefinite  and 
irregular  margins  (Fig.  i8i). 
A  delicate,  white,  thread- 
like fiber  runs  longitudinally 
through  the  center  of  each 
spiral.  This  fiber  has  a  tor- 
tuous   course,   and   seems   to 

be  surrounded  by  numerous  coiled  fibrilUe.  Leukocytes,  epithe- 
lial cells,  Charcot-Leyden  crystals,  and,  rarely,  erythrocytes  are 
seen  to  be  entangled  in  the  mass;  while  surrounding  the  fibrous 
portion  there  is  a  faintly  granular  hazing.  The  central  thread 
is  not  discernible  in  all  specimens. 

Clinical  Significance. — Spirals  are  a  rather  constant  find- 
ing in  the  sputum  of  persons  suffering  from  asthma,  both  during 
and  after  the  paroxysmal  stage.  They  are  not  unusual  in  cases 
of  croupous  pneumonia,  acute  bronchitis,  chronic  bronchitis,  and 
I  have  observed  them  in  the  sputum  of  cases  of  tuberculosis,  val- 
vular heart  disease,  diphtheria,  and  typhoid  fever.  From  their 
mucinous  appearance  it  seems  fair  to  regard  them  as  suggestive 
of  a  catarrhal  process  of  the  bronchi,  yet  their  true  formation 
remains  undecided. 
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Elastic  Fibers. — Fibers  of  elastic  tissue  may  occur  in  the 
sputum  singly,  in  a  more  or  less  perfect  alveolar  arrangement,  ot, 
as  is  most  usual,  in  bundles.     They  may  be  demonstrated  in  th« 
manner  described  for  the  detection  of  ■"fibrinous  coagula,"  a  one^ 
eighth  objective  being  used.     The  method  which  I  have  adopted    '*^ 
to  pour  a  quantity  of  sputum  in  a  rather  large  glass  dish,  in  ord^^^ 
to  secure  a  thin  layer  of  the  sputum,  and  then  to  place  the  di&— ^ 
upon  a  table  or  any  dark  background.    The  more  or  less  soli- 
particles  are  thus  rendered  conspicuous,  and  are  transferred  to  ff^J 


vessel  containing  a  lo  per  cent,  solution  of  sodium  hydroxid,  b^.l 
means  of  a  small  surgical  forceps.  Boil  the  soda  solution  and  iU'l 
contained  sputum  until  a  gelatinous  mass  results  or  until  the] 
formed  particles  of  sputum  are  dissolved;  then  add  four  times^J 
the  total  quantity  of  water;  place  the  mixture  in  a  conic  g 
and  allow  it  to  stand  for  several  hours.  Remove  the  sediment  that  J 
has  collected  by  a  small  pipet,  and  place  it  in  a  centrifuge;  add! 
water  enough  to  fill  the  tube  and  centrifugalize.  The  sediment] 
obtained  by  the  last  process  may  be  studied  under  a  one-sixth  otm 
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one-eighth  objective,  when  elastic  fibers,  if  they  are  present,  are 
readily  detected  (Fig.  182).  The  addition  of  a  drop  of  Gram's 
iodin  solution  to  the  microscopic  specimen  facilitates  the  diag- 
nosis materially. 

Caution. — Boiling  with  sodium-hydroxid  solution,  when  pro- 
longed, causes  swelling,  and  finally  a  dissolution  of  the  elastic 
tissue.  Attempts  to  detect  elastic  tissue  without  first  treating  the 
sputum  with  sodium-hydroxid  solution  have  not  been  attended 
with  satisfactory  results  by  the  author. 

Clinical  Significance. — ^The  presence  of  elastic  fibers  in 
the  sputum  is  suggestive  of  the  existence  of  a  highly  destructive 
process  in  the  lung.  The  true  significance  of  these  changes^ 
however,  is  indicated  only  when  they  appear  in  the  so-caUed 
alveolar  arrangement,  as  they  commonly  do  in  phthisis  and  as  they 
rarely  do  in  pulmonary  gangrene.  In  the  latter  condition  Traube 
has  suggested  that  elastic  fibers  may  be  destroyed  by  a  ferment. 
Elastic  fibers  are  rarely  found  in  connection  with  abscess  of  the 
lung,  bronchiectasis,  and  pneumonia. 

Caution, — Direct  the  patient  to  wash  the  mouth  and  brush  the 
teeth  carefully  before  collecting  the  sputum,  to  avoid  the  possible 
expectoration  of  elastic  tissue  from  retained  food-particles. 

ANIMAL  PARASITES  OF  THE  LUNG. 

Paragonimus  Westermanii. — Endemic  hemoptysis  has  thus 
far  been  confined  to  Japan,  Formosa,  and  Corea,  although  cases 
have  been  reported  from  other  eastern  countries.  On  account 
of  the  frequency  with  which  the  Japanese  are  infected  with  this 
parasite  it  was  named  Distomum  pulmonale  and  Distomum  ringeri. 
Drs.  Stiles  and  Hassall  have  recently  recovered  this  parasite  from 
the  lungs  of  hogs  raised  in  the  United  States.  It  has  also  been 
found  in  the  lungs  of  cats  and  dogs,  as  well  as  in  the  lungs  of 
certain  wild  animals.  On  account  of  the  immigration  of  both 
Japanese  and  Chinese  and  of  the  temporary  residence  of  United 
States  troops  in  the  tropics  the  spread  of  ** parasitic  hemoptysis" 
throughout  America  seems  imminent.  Dr.  A.  D.  MacKenzie  having 
recently  reported  a  case  from  Portland,  Oregon. 

Sputum. — The  sputum  is,  as  a  rule,  tinged  with  blood,  and 
at  irregular  intervals  attacks  of  hemoptysis  occur  which  arc 
usually  induced  by  violent  exercise.  During  these  attacks  the 
hemorrhage  may  be  severe.  In  color  the  sputum  may  closely 
resemble  that  of  lobar  pneumonia. 

Detection. — Place  a  portion  of  the  bloody  sputum  upon  a 
slide,  apply  a  cover-glass,  and  study  under  a  one-fifth  or  one- 
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eighth  objective.     The  peculiar  discoloration  of  the  sputum  w^D 
now  be  seen  to  depend  upon  the  presence  of  numerous  ova  orlh^-Jf 
shells,  as  well  as  on  the  presence  of  red  blood-corpusclcs(  Plate  i(r   }■ 
The  ova  vary  greatly  in  size  and  contour,  although  all  will  t»* 
found  distinctly  or  imperfectly  oval,  presenting  a  smooth  surtar^ 
and  a  double  outline.     They  measure  from  "  80  to  100  fi  in  Icnpb 
by  40  to  60  /£  in  breadth"  {P.  Manson).     The  parasite  maybe 
cultivated  in  the  laboratory  by  adding  water  lo  the  sputum  and 
keeping  it  at  a  moderate  temperature  for  from  four  to  six  wetts. 
At  the  end  of  this  lime  each  mature  ovum  extrudes  a  cillalf"! 
embryo.     Pressure  of  ihc  cover-glass  upon  the  mature  ovum  may 
rupture  the  operculum,  when  the  gyrated  embryo  escapes  and 
may  be  seen  swimming  in  ihe  surrounding  liquid.     This  parasiie 
is  red  dish- brown,   rather  thick,  oval  in  contour,  and  measures 
"8  to  10  cm.  in  length  by  4  to  6  cm.  in  breadth,"  and  is  covered 
with  minute  spines. 

Bilharzia.^There  are  numerous  valid  records  of  cases  in 
which  the  ova  of  Schistosoma  hiematobium  have  been  found  in 
the  spulum  (see  Urine,  page  395). 

Amoeba  Coli. — This  parasite  may  be  discovered  m  the  sputum 
whenever  an  amebic  abscess  is  evacuated  through  the  bronchial 
tract,  whether  the  abscess  be  pulmonary,  hepatic,  or  subdia- 
phragmatic. I  have  observed  a  case  in  my  private  practice* 
in  which  the  spulum  contained  many  amcba;  over  a  period  of 
four  months.  About  two  ounces  of  semigclatinous  sputum  were 
expectorated  daily.  It  was  often  of  a  grayish  color,  streaked  with 
blood,  and  conlained  numerous  flocculi.  Portions  of  this  spuluifl 
appeared  as  though  doited  with  small  droplets  of  dark-reddish 
fluid,  and  this  characteristic  persisted  for  weeks  after  the  rupture 
of  the  abscess.  Such  spulum,  when  placed  in  a  porcelain  dish 
and  allowed  to  stand,  developed  a  marginal,  chocoIa.te  band; 
its  tenacity  was  decided  and  ils  odor  at  times  sweetish.  Micro- 
scopically,  motile  ameba;  were  studied  under  an  oil-immersion  ob- 
jective (Fig,  145),  and  occasionally  an  ameba  was  observed  m- 
veloping  a  red  blood-cell.  Epithelial  cells  arranged  in  clusteis 
and  in  radiating  columns  were  also  present. 

Trichomonades. — Trichomonades  (Fig,  146)  have  been  found 
in  Ihc  sputum  of  pulmonarj'  gangrene  and  in  that  from  pus- 
cavilies.  The  Balantidium  coli  (Fig.  147)  may  invade  the  rcspir-i 
atory  tract  and  consequently  appear  in  Ihe  spulum. 

Whooplng-cotigh. — Doechler  and  KurlotI  claim  to  have  ob- 
served the  prolozoon  of  whooping-cough  in  ihe  sputum;   yet,  90 
far  as  I  know,  these  observations  have  not  received  confirmation. 
•"Thcrap.  Gai.,"  April,  1901. 
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1.  Sbt  lunR-Hukcs  from  liop  (natural  size  anil  color). 
■.  ('□□tents  111  a  lung-fluke  cyst,  containing  eggs  of  ihr 
iagnificH>  fSlilcs  nnd  Hassall). 
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Tsnla  Echinococcus. — Whenever  cysts  of  this  parasite  rup- 
ture into  the  lung  or  the  air-passages,  both  booklets  and  scolices 
of  the  parasite  may  appear  in  the  sputum;  while  less  fre- 
quently small  particles  of  the  cyst  membrane  are  expectorated. 
When  these  structures  {Fig.  122)  are  found,  the  evidence  points 
rather  clearly  to  hydatid  of  the  liver,  yet  hydatids  of  the  lungs  are 
not  unknown. 

Ascarides. — This  parasite  or  its  ova  is  rarely  found  in  the 
sputum  (see  Feces,  page  414). 

Filaria. — The  literature  contains  records  of  the  Filaria  san- 
guinis hominis  having  been  found  in  the  sputum. 


FUNGL 

Among  the  non-pathogenic  fungi  that  are  known  to  appear  in 
the  sputum  should  be  mentioned   molds  and  yeasts,  which  are 
met  with  in  the  sputum  of  children  and  which  may  be  seen 
in  the  salivary  secretions  of 
adults.    Sarcinie  are  an  occa 
sional  finding  in  the  sputum 
of   putrid   bronchitis       Sar 
cinx    pulmonale   are,    as    a 
rule,   smaller  than   Sarcinse 
ventrical!    (Fig.    138),    but 
larger  than  the  sarcina;  found 
in  the  urine. 

Pathogenic  Fungi  — 
Actmomycosis  of  the  respira 
tory  tract  is  distinguishable 
from  other  forms  of  pulmon 
ary  disease  through  the  de 
tection    of     small    granules 

(Fig.  183)  and  thread-like  particles  (mycelia)  in  the  sputum  (see 
page  301}. 

Aspergillosis.  —  Aspergillus  fumigatus  has  been  found  in 
the  sputum  of  man  by  foreign  observers,  and  was  associated  with 
pneumomycosis.  The  aspergillus,  when  present  in  the  sputum, 
is  usually  recognized  by  the  detection  of  many  thread-like  particles 
(mycelia)  (Plate  19),  I  have  found  Aspergillus  fumigatus  in  the 
sputum  of  man  but  once,  and  in  this  instance  there  appeared  to 
be  no  connection  between  the  fungus  and  the  disease  from  which 
the  patient  was  suffering.  It  is  not  uncommon  to  find  sputum 
secondarily  infected  with  Aspergillus  niger,  and  it  is  difficult  to 
distinguish  microscopically  between  the  mycelia  of  these  two  fungi. 
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Dr.  M.  p.  Ravenel  has  studied  the  Aspergillus  fumigatus  from  the 
lung  of  a  cow  apparently  suffering  from  pulmonary'  tuberculosis. 
The  early  writers  regarded  this  organism  as  accountable  for  the 
destructive  lesions  of  tuberculosis. 

Other  fungi,  as  the  Mucor  cor]nnbifer,  are  to  be  encountered 
in  the  sputum,  and  it  should  be  further  stated  that  many  different 
molds  may  develop  in  the  sputum  after  it  has  been  exposed  to 
the  air  of  a  warm  room.  As  a  rule,  however,  these  fungi  have  no 
clinical  significance,  being  commonly  of  extraneous  origin.  I  have 
seen  the  yeast  fungus  in  the  sputum  from  tuberculous  cavities. 

BACTERIA* 

Many  bacterial  species  have  been  found  in  the  sputum,  and 
in  a  comparatively  small  number  of  instances  a  definite  micro- 
organism will  be  found  associated  with  a  certain  disease.  I  have 
never  seen  a  specimen  of  sputum  in  which  there  was  a  pure  in- 
fection with  any  one  bacterium;  but,  on  the  other  hand,  the  rule 
is  to  find  a  number  of  organisms  in  each  sputum.  Among  the 
bacteria  commonly  encountered  should  be  mentioned  the  pneumo- 
coccus,  the  streptococcus,  the  staphylococcus,  a  large  diplococcus, 
the  Bacillus  typhosus,  the  Bacillus  coli  communis,  Friedlander's 
bacillus,  the  Bacillus  diphtheriae,  the  bacillus  of  influenza,  the 
Bacillus  tuberculosis,  and  the  streptothrix. 

Microscopic  Study  of  the  Sputum. — Sputum  should  be  col- 
lected in  the  manner  described  on  page  426,  and  sent  promptly  to 
the  laborator)'.  When  the  specimen  is  received,  it  should  be 
poured  into  a  clean  glass  dish  in  order  to  secure  as  large  a  surface 
as  possible.  Select  from  the  sputum  thus  spread  out  any  small 
caseous  or  bloody  particles  that  may  be  apparent,  {)lace  them  upon 
a  microscope  slide,  and  then  crush  them  and  spread  into  a  thin 
layer  over  the  surface.  It  is  my  custom  to  hold  the  slide  within  the 
grasp  of  a  slide  forceps  (Fig.  184,  the  author's  device  for  this  pur- 
pose) while  the  sputum  is  being  smeared  upon  its  surface.  With- 
out removing  the  slide  from  the  grasp  of  the  forceps  pass  it  three 
times  through  the  flame  of  a  Bunsen  burner  to  fix  the  specimen. 

Tubercle  Bacilli. — Staining. — i.  Add  a  few  drops  of  car- 
bolfuchsin  to  the  specimen  (5  per  cent,  carbolic  acid,  go  parts; 
concentrated  alcoholic  solution  of  fuchsin,  10  parts),  and  hold 
it  above  the  flame  until  the  staining  solution  begins  to  steam. 

2.  Wash  in  water,  holding  the  forceps  in  such  a  manner  that 
the  stream  strikes  the  slide  near  one  end  and  then  floods  over  the 
specimen. 

3.  Without  drying  add  to  the  specimen  a  few  drops  of  Gab- 
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belt's  methylene-blue  solution  (methylenc-btuc,  a  parts;  solution 
of  sulphuric  atid  (25  per  ccnl.),  100  pans),  and  ailow  to  sland 
for  two  minutes,  wlien  wash  in  walcr  and  dry  over  the  flame. 

4.  The  specimen  may  now  be  mounted  in  Canada  balsam  and 
kept  as  a  permanent  specimen,  in  which  case  it  is  well  to  allow  the 
balsam  to  harden  before  studying  with  an  oil-immersion  objective. 

In  routine  laboratory  work  it  is  my  custom  to  apply  the  cedar 
oil  directly  to  the  specimen  without  the  application  of  a  cover- 
glass.     In  searching  for  the  diplococcus  and  organisms  other  than 


the  tubercle  bacillus  equally  satisfactory  results  are  obtained  by 
staining  with  a  3  per  cent,  aqueous  solution  of  methylene-blue. 
Since  tubercle  bacilli  are  not  uncommonly  found  in  sputum  from 
cases  in  which  the  general  clinical  features  are  far  from  suggestive 
of  tuberculosis,  it  is  a  safe  precaution  to  stain  all  sputa  for  the 
tubercle  bacillus.  I  have  repeatedly  seen  cases  of  large  tubercular 
cavities  in  which  it  was  impossible  to  stain  the  tubercle  bacillus 
in  ihe  sputum  by  the  above  method.  In  three  such  cases  studied 
at  the  Philadelphia  Hospital  I  was  privileged  to  witness  autopsies, 
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during  the  course  of  which  pus  taken  directly  from  the  cavities 
showed  many  tubercle  bacilli  after  this  method  of  staining. 

Caution. — ^Whenever  there  are  valid  reasons  for  believing  that 
tubercle  bacilli  are  present  in  the  sputum,  the  following  treatment 
will  materially  facilitate  their  detection: 

Place  the  sputum  in  an  ordinary  vaselin  bottle  and  tie  over  its 
mouth  three  or  four  thicknesses  of  gauze  tightly — to  prevent  dust 
from  entering  the  bottle.  Set  the  specimen  aside  for  several  days 
and  then  examine  for  tubercle  bacilli.  The  processes  of  decomjx)- 
sition  appear  to  destroy  certain  substances  (probably  fats),  which 
in  the  fresh  sputum  prevent  the  tubercle  bacilli  from  taking  the 
stain.  A  method  which  I  have  found  most  satisfactory  for  stain- 
ing such  specimens  is  to  smear  the  caseous  particles  of  the  sputum 
on  slides  and  allow  them  to  dry  in  the  air.  The  specimen  is  then 
fixed  either  by  passing  it  directly  through  the  flame  or  by  keeping 
it  upon  a  hot  stage  (see  Bloody  page  74)  for  from  twenty  minutes 
to  one-half  hour.  Specimens  may  also  be  fixed  by  immersing 
them  in  equal  parts  of  absolute  alcohol  and  ether.  Specimens 
fixed  by  either  of  these  methods  should  be  immersed  in  a  weak 
solution  of  fuchsin  for  from  twelve  to  twenty-four  hours  (carbol- 
fuchsin,  \  dram;  water,  2  ounces). 

By  these  methods  it  will  frequently  be  found  that  tubercle 
bacilli  are  present  in  sputum  in  which  it  has  been  impossible  to 
demonstrate  them  by  the  rapid  method  of  staining  previously 
described.  This  staining  peculiarity  of  the  tubercle  bacillus  is 
most  commonly  encountered  early  in  tuberculosis,  before  the 
clinician  is  able  to  detect  evidence  of  pulmonary  involvement  by 
the  methods  of  physical  diagnosis. 

Anilin-gentian-violet. — Gentian-violet  forms  a  most  satisfac- 
tory stain  for  the  tubercle  bacillus,  and,  while  I  am  not  prepared 
to  state  that  it  has  advantages  over  carbolfuchsin,  yet  in  my  hands 
it  has  been  found  equally  reliable.  I  began  using  this  stain  six 
years  ago  in  the  Philadelphia  Hospital,  and  have  found  no  cause 
for  changing  to  any  other. 

Sterling's  Stain. — 

Gentian-violet    lo  gm. 

Anilin  oil 4     ** 

Alcohol  (05    per  tent) 20     '* 

Distilled  water 1 76  c.c. 

Add  the  anilin  oil  lo  tlie  alcohol,  and  dissolve  the  gentian-violet  in  water. 
Add  solution  of  gentian  gradually,  shaking  vigorously  after  each  addition;  filter. 

(1)  Sterling's  solution  should  be  added  to  the  specimen  in  the 
manner  outlined  on  page  438,  and  the  slide  should  then  be  carried 
over  the  flame,  and  heated  to  streaming  for  from  one-half  to  one 
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minute.  (2)  Next  wash  in  water  to  remove  all  excess  of  stain.  (3) 
Then  treat  the  specimen  with  a  few  drops  of  a  0.5  per  cent,  solu- 
tion of  nitric  acid  until  the  specimen  has  apparently  given  up  all  its 
violet  color.  (4)  Wash  in  water.  (5)  Counterstain  with  a  few  drops 
of  a  saturated  alcoholic  solution  of  Bismarck-brown  for  from  one- 
half  minute  to  one  minute.  (6)  Wash  in  water  to  remove  all 
stain;  dry  between  layers  of  filter-paper,  and  mount  the  specimen 
in  Canada  balsam.  Under  an  oil-immersion  objective  the  tubercle 
bacilli  will  be  found  to  be  stained  a  deep  violet ;  all  other  bacteria 
will  be  stained  with  the  Bismarck-brown ;  the  surrounding  cells 
will  be  stained  a  light  or  mahogany  brown;  the  nuclei  of  the 
epithelial  cells  and  of  the  leukocytes  will  be  stained  somewhat 
darker  than  the  protoplasm. 

Differentiation. — ^The  tubercle  bacillus  is  to  be  distinguished 
from  the  following  organisms,  all  of  which  are  acid-fast  (do  not 
decolorize  readily  by  acids  or  by  alcohol) — viz..  Bacillus  lepra, 
smegma  bacillus,  the  butter  bacillus  of  Rabinowitch,  and  the  grass 
bacillus. 

TABLE  SETTING  FORTH  THE  TINCTORIAL  AND  CULTURAL  DIF- 
FERENCES OF  "ACID-FAST"  BACILLI  WITH  SPECIAL  REFER- 
ENCE TO  THE  SOURCES  FROM  WHICH  SUCH  BACILLI  ARE 
OBTAINED. 

Mokllkr's      Grass 

BACII.LirS  AND  THB 

BuTTKR  Bacillus. 

.  Retains      its     red 
color. 


Tubercle  Bacilli's. 

I.  When  stained  with 
carboHuchsin, 
does  not  Rive  up 
its  red  color  when 
counterstained 
for  a  lonjir  time 
with  Gabbett's 
acid-blue  solu- 
tion. 

a.  Does  not  stain  well 
with  aqueous  so- 
lutions of  anilin 
dyes. 

3-  Does  not  decolor- 
ize when  treated 
with  absolute  al- 
cohol. 


4.  Cultures     develop 

only  upon  a  spe- 
ciaf  medium,  and 
growth  does  not 
appear  for  from 
ten  days  to  two 
weeks. 

5,  Found  in  the  spu- 

tum, saliva,  nasal 
secretions,  feces, 
exudates,  transu- 
dates, tissues, and 
farelv  in  urine, 
blood,  and  in 
milk. 


Lepra  Bacillus. 

I.  Retains     its      red 
color. 


I 


Smegma  Bacillus. 

Retains      its     red 
color. 


2.  Stains. 


Retains  its  red  3. 
color,  but  is  de- 
colorized in  a 
shorter  time  than 
is  the  tubercle 
bacillus. 

Cultivation     ques-     4. 
tionable. 


Recovered  from 
sloughing  sur- 
faces, nasal  dis- 
charges, in  blood 
recovered  by  in- 
cising a  leprous 
nodule  and  apply- 
ing firm  pressure; 
and  from  the  cir- 
culating blood. 


Not   readily  stain- 
ed. 


Decolorized. 
Mocller  states 
that  the  smegma 
bacillus  is  alco- 
hol-proof. 

Cultivated  on  spe- 
cial medium  oucs- 
tionable,  ana  in 
this  way  differs 
from  Bacillus  tu- 
berculosis. 


Recovered  from 
smt*gma  of  m.iii 
and  from  thai  of 
the  lower  ani- 
mals; also  fnmi 
the  skin  of  the 
groin,  axilla,  and 
from  the  anus 
and  the  urine.  It 
is  rarely  found 
in  exudates,  the 
tissues,  and  in 
sputum. 


2.  Not   readily  stain- 
ed. 


3.  Not  decolorized. 


4.  Grows  luxuriantly 

and  with  rapi<lity 
upon  nearly  all 
forms  of  culture- 
media  when  kept 
at  both  room  and 
at  incubating  tem- 
j>cratures. 

5.  hound    about    sta- 

bles, upon  hay, 
and  in  milk,  but- 
ler, the  feces  of 
cattle,  and  is  to  be 
always  looked  for 
in  urine  and  feces 
of  man. 


I 
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Clinical  Significance. — Tubercle  bacilli,  when  found  *-' 
the  spuluin,  furnish  conclusive  evidence  of  the  existence  of 
tCiberculous  lesion  along  the  course  of  the  respiratory  tract.  ^I^f^ 
the  case  of  a  small  ulceration  of  the  bronchus  the  number  of  luberc^  J 
bacilli  present  in  the  sputum  may  be  verj'  great;  thus  it  is  possib  -^ 
to  find  many  tubercle  bacilli  in  the  sputum  of  pe'rsons  who  sho-~"* 
no  evidence  of  pulmonary  involvement  upon  a  physical  examin^^* 
tion;  and  in  this  class  of  cases  it  is  not  infrequent  to  fmd  ih  ^ 
patient  gaining  in  weight.  Tuberculosis  of  the  br\'nx  is  alscs^ 
likely  to  cause  great  numbers  of  tubercle  bacilli  in  the  sputum  — 
It  is  the  rule  to  find  tubercle  bacilli  in  the  sputum  of  persons  ii^^ 
whose  lungs  there  exists  an  ulcerative  process  or  a  cavity  of  tubercu- 
lous origin.  I 

Characteristics  of  Tubercle  Bacilli. — In  the  sputum  of  per- 
sons suffering  from  pulmonary  tuberculosis  of  an  acute  and 
rapid  naiure  the  tubercle  bacilli  are,  as  a  rule,  short,  and  are  less 
likely  to  show  distinct  cross-stria  lions  (segmentation)  than  are 
the  bacilli  recovered  from  the  sputum  of  persons  suffering  from  a 
chronic  type  of  the  disease.  In  the  study  of  600  specimens  of' 
sputum  from  nearly  400  different  patients  it  was  found  that  wher- 
ever the  bacilli  were  short  and  failed  to  show  segmentation,  the 
course  of  the  disease  was  at  that  time  rapid.  It  was  furthor. 
found  that  upon  sending  such  patients  to  the  mountains  larger 
segmented  bacilli  were  found  in  their  sputum  whenever  there  was 
noted  a  decided  amelioration  of  the  symptoms;  and  that  in  the 
sputum  of  patients  returning  from  the  mountains  apparently  in 
perfect  health  large,  segmented,  and  branching  forms  of  bacilli 
were  often  detected. 

Other  Bacilli. — Recent  research  has  demonstrated  that  a 
number  of  bacilli  that  are  not  usually  regarded  as  pathogenic  for 
man  also  possess  the  property  of  retaining  the  red  color  fromi 
carbolfuchsin  stain  upon  being  treated  with  weak  solutions  of  acids 
and  with  alcohol  (see  Di^erenl'tal  TaSle,  page  441). 

Other  members  of  the  acid-fast  group  of  bacilli  have  bceO' 
recovered  from  the  sputum  and  in  mucus  from  the  respiratory 
passages.  It  appears  possible  thai  certain  of  ihe  reports  of  tubercle 
bacilli  having  been  detected  in  both  the  sputum  and  the  urine 
are  in  error;  I  am,  therefore,  prompted  lo  insist  that  a  most  impor- 
tant clinical  feature  here  outlined  is  the  differentiation  between 
the  tubercle  bacillus  and  other  acid-fast  bacilli.  Rosenberger  has 
contributed  an  admirable  monograph  upon  this  subject.* 

Diphtheria. — During  the  course  of  diphtheria  the  spuium 

will  commonly  be  found  to  contain  the  diphtheria  bacillus,  which 

•  "  Proc.  Path.  Soc.  Phila.."  Dec.  i 


BACTERIA.  443 

may  be  recognized  by  ils  characteristic  staining  and  also  by  ihe 
result  of  culture's  made  directly  from  the  fresh  sputum.  Culture 
studies  of  sputum,  however,  are  not  practical,  and  constitute  a 
circuitous  route  to  a  diagnosis. 

Influenza. — The  sputum  in  this  disease  may  contain  slender 
bacilli  which  stain  readily  by  the  ordinary  aniUn  dyes.  For  their 
cultivation  a  special  medium  is  necessary — LSffler's  blood-serum 
will  be  found  to  serve  well  for  this  purpose,  after  the  surface  of 
the  medium  has  been  smeared  with  fresh  blood,  since  the  latter 
appears  to  provide  certain  substances  necessary  for  the  develop- 
ment of  this  organism. 

Acute  Bronchitis. — Early  in  acute  bronchitis  the  expectora- 
tion is  small  in  amount,  transparent,  and  contains  but  few  cellular 
elements.  When  studied 
microscopically,  many  des- 
quamated epithelial  cells 
are  to  be  found  which 
represent  the  various  forms 
common  to  Ihe  bronchial 
tract.  Many  of  these  are 
originally  ciliated,  although 
it  is  rare  to  find  ciliated 
epithelial  cells  in  the 
sputum.  Leukocytes  are 
always  present,  though,  as 
a  rule,  in  small  numbers; 
and  red  corpuscles  may  be 
found,  varying  in  number 
with  the  degree  of  irrita- 
tion.     Later  m  the  course  iurci>^  i',..Miu,r..n  uni  NKmaim). 

of  acute  bronchitis  the  spu- 
tum becomes  more  abundant,  opaque,  or  turbid,  and  acquires 
a  yellowish  or  greenish  color,  depending  upon   the  number  of 
leukocytes  or  pus-cells  added.     At  this  time  the  number  of  epi- 
thelial cells  is  found  to  be  greatly  lessened. 

Bacteriology.  —  Patton  *  suggests  the  terms  "streptococcus 
bronchitis  and  staphylococcus  bronchitis."  The  latter  variety  of 
infection  is  highly  liable  to  chronicity;  the  sputum  contains  many 
staphylococci,  which  are  often  collected  in  such  dense  aggregations 
35  to  prevent  their  study  with  a  high-power  objective. 

In  the  case  of  streptococcic  infection  the  sputum  contains 
innumerable  streptococci,  and  where  this  form  of  infection  is  mild, 
it  is  differentiated  from  the  staphylococcic  bronchitis  through  a 
microscopic  study  only. 

♦  "New  York  Med.  Jour.,"  Mch.  a8,  iqoj. 
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The  bacteria  common  to  the  saliva  are  also  present  in  the 
sputum  of  acute  bronchitis,  but  seldom  in  sufficient  numbers  to 
attract  special  attention. 

Chronic  Bronchitis. — It  can  scarcely  be  said  that  there  is 
any  sputum  characteristic  of  this  affection,  since  the  expectorated 
material  may  vary  within  wide  limits  during  the  course  of  this 
disease.  When  the  sputum  is  profuse  and,  as  is  sometimes  the 
case,  expectorated  in  mouthfuls,  the  term  bronclwrrhca  is  applied. 
The  sputum  is,  as  a  rule,  yellowish  or  yellowish-green  in  color, 
varying  in  shade  with  the  number  of  pus-cells  present  and  the 
degree  or  stage  of  their  degeneration. 

Many  micro-organisms  are  found  in  the  sputum  of  chronic 
bronchitis,  among  which  are  to  be  mentioned  streptococci,  staphylo- 
cocci, both  large  and  small  bacilli,  and  bacilli  in  chains  and 
bundles  of  chains. 

Pnetimococcus. — ^The  pneumococcus  is  a  small  diplococcus 
which  occurs  in  the  sputum  from  cases  of  lobar  pneumonia,  in 
which  it  is  often  the  only  organism  present  and  always  in  great 
numbers.     The  diplococcus  (Plate  31)  is  well  stained  by  Gabbett's 
methylene-blue  solution;   but  its  peculiar  contour  (biscuit  forma- 
tion) is  brought  out  more  prominently  by  Bismarck-brown,  so  that 
when  the  specimen  is  carefully  stained,  each  coccus  is  seen  to  be 
surrounded  by  a  narrow  hyaline  space  which  is  bounded  by  a  faint 
marginal  band  (capsule).     Encapsulated  pneumococci  are  alwa)^ 
to  be  seen  with  difficulty,  and,  while  the  majority  of  authors  attach 
great  importance  to  this  finding,  it  is  my  experience  that  they  are 
commonly  rnet  with  in  the  sputum  of  heahhy  persons,  and  that 
they  are  only  pathologic  when  present  in  the  sputum  in  great 
numbers  and  in  rather  dense  aggregations.     The  pneumococcus 
stains  bv  Gram's  method. 

Capsular    Stain. — The    capsule  of  this  organism  is  rendered 
apparent   by   preparing  and   fixing  the  specimen   as   previously 
outlined.     Next  apply  a  i  per  cent,  solution  of  acetic  acid  for  from 
one  to  two  minutes;  remove  the  acid  by  washing  and  dry  in  the  air. 
Then  stain  the  s}x,'cimen  for  from  fifteen  to  forty  seconds^  with 
a   solution   of  anilin-gentian-violet,   which   is   made   as   follows: 
Place  in  a  test-tube  one  part  of  anilin  oil  and  20  parts  of  water; 
shake  thoroughly;  filter;  preserve  the  filtrate  in  an  amber-colored, 
glass-stoppered  bottle.     A  saturated  alcoholic  solution  of  gentian- 
violet  is  now  prepared,  filtered,  and  the  filtrate  similarly  preserved. 
These  two  solutions  should  be  mixed  a  short  time  before  use  in 
the  following  proportions: 

Anilin-<)il  solution    q  parts 

Gentian-violet  solution i  part. 

Mix  and  filter. 


Sputum  containing  iiliiguc  liarilli  an'l  i!l]iliH'H'<:i,  i 
,n  of  mplhylcnp-blup  (abj.  B,  an-l  1,.  .inc-lwelfih  c.il-ir 
Sputum  shi.winR  [.nL-umonitd. 


bacilli,  lUplocnccii  and  sirvptocucci  [obj.  Spencer  onr-lwcl[lh  □: 


I 
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Bacillus  of  FriedlSnder.~Thc  pncumobadllus  appears  in 
great  numbers  in  the  sputum  of  persons  suffering  from  loba.r 
pneumonia  whenever  the  disease  is  due  to  this  parasite  (Fig.  188). 
It  stains  readily  by  the  same  methods  as  does  the  pncumococcus, 
showing  also  a  capsule  formation.  Friedlander's  bacillus  may 
enter  the  blood,  and  is  to  be  found  in  the  pus  from  abscesses 
and  from  inflamed  joints  complicating  an  attack  of  Friedlander's 
pneumonia  or  developing  as  sequels  of  this  disease. 

A  number  of  micro-organisms  are  usually  present  in  such 
sputum;  the  longer  the  sputum  is  retained  in  the  bronchi,  the 
more  numerous  are  the  bacteria.  A  few  red  blood-cells  may 
be  found,  and  epithelial  cells  are  also  present,  although,  as  a 
rule,  less  plentiful  than  in  the  early  stage  of  acute  bronchitis. 
Epithelial  cells,  showing  evidence  of  fatty  and  of  myeloid  de- 
generation, are  also  met  with  and  are 
probably  derived  from  the  alveoli  of  the 
lung. 

Bronchopnetunonia. — Bron  c  h  n  p  n  e  u 
miinia  is  not  placarded  by  a  characteristic 
sputum.  The  sputum  may  contain  differ 
ent  bacteria,  among  which  are  the  pneumo- 
coccus.  Streptococcus  pyogenes,  Slaphylo 
coccus  pyogenes,  bacillus  of  Fried  lander, 
Bacillus  pyocyaneus,  diphtheria  bacillus, 
Bacillus  typhosus,  Micrococcus  tetragenus, 
an<i  meningococcus.     It   is  the  rule  to  find 

more   than  one  bacterium  present  in  the  sputum  of  catarrhal 
pneumonia - 

Bronchial  Asthina.^.\t  the  beginning  of  an  attack  of  asthma 
the  sputum  is  scanty,  and  may  be  dear,  grayish,  or  rarely  red,  owing 
to  the  presence  of  red  blood-cells.  It  is  always  frothy.  Asthmatic 
sputum  is  usually  characterized  by  the  presence  of  small,  yellowish 
or  grayish  particles,  "bronchial  spirals"  (sec  Spirals,  page  4,13), 
Charcot -Ley  den  crystals  (Fig.  189),  and  leukocytes.  Many  of  the 
leukocytes  show  a  special  affinity  for  basic  dyes,  while  the  majority 
of  them  arc  decidedly  eosinophilic  (Fig.  190). 

Pulmonary  Abscess. — The  fresh  sputum  from  an  abscess 
of  the  lung  d(K-s  not  emit  a  decided  odor.  When  subjected  to 
microsropir  study,  it  will  be  found  to  consist  principally  of  pus- 
cells,  hematoidin  crystals,  fragments  of  lung  tissue,  and  numerous 
crystals,  among  which  cholesterin  and  those  of  Ihc  fatty  acids  arc 
most  common.  Fibers  of  elastic  tissue  are  not  unusual  findings 
in  the  sputum  of  abscess  (see  Elastic  Tissue,  page  434).  Hepatic 
and  other  forms  of  amebic  abscesses  have  been  discussed  under 
AnimaJ  Parasites  (.Amccba,  page  388). 
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Pulmonary    Gangrene    and    Putrid     Bronchitis.— In    ihea 


conditions  ihc  sputum  presents  practically  the  same  characterifr   i 
tics,  so  that  it  is  scarcely  practicable  to  make  a  differential  diagnoHS  1 
from  ihe  microscopic  examin-  I 
alion  of  the  sputum.     They  I 
are    distinguished   one   froffl   ^ 
anolher  by  microscopic  study 
only,  by  the  finding  of  par- 
ticles   of    pulmonarj-    tissue 
derived  from  ihe  parenchyma 
of  tile  lungs   in    the  case  of 
gangrene.     The    sputum   of 
gangrene   deposits    a    ralher 
characteristic  sediment  when 
placed  in  a  conic  glass  and 
allowed  to  stand  for  several 
hours.     At   the  end   of  that 
lime  it  will  be  found  to  have 
separated    into    strata:    Ihe 
inferior   stratum    is   grayish- 
yellow   or   brown    and    coii>J 
tains  pus,  small  particles  otj 
a  brown   or  greenish   tint   which  vary  in   size   from    that  < ' 
millet-seed  to  that  of  a  kernel  of  corn,  and,  less  often,  partid 
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of  lung  tissue.  On  microscopic  examination  this  sediment 
will  be  found  to  contain  triple  phosphate  crystals,  leucin  and 
tyrosin,  hematoidin,  and,  at  times,  other  crystals  of  a  question- 
able nature.  Pus-cells  and  leukocytes  are  plentiful,  and  the 
masses  detected  by  the  naked  eye  are  found  to  be  composed 
principally  of  pigment.  Elastic  fibers,  oil-droplets,  crystals  of  the 
fatty  acids,  and  bacteria  are  among  the  usual  findings.  The 
Leptothrix  pulmonalis  (Fig.  193)  deserves  special  mention.  It  is 
recognized,  in  addition  to  its  chain-like  formation,  by  the  fact  that 
it  is  colored  violet  or  blue  by  Lugol's  solution.  The  detection 
of  elastic  fibers  (alveolar  arrangement,  Fig.  182)  serves  as  the  only 
positive  diflferential  point  between  putrid  bronchitis  and  pulmo- 
nary gangrene;  but  in  my  own  experience  this  tissue  is  seldom 
found  in  the  latter  condition,  of  which  it  is  said  to  be  charac- 
teristic. 

The  middle  stratum  is  transparent,  and  in  it  are  suspended 
particles  of  mucus;  while  the  superior  stratum  is  usually  of  a  dirty- 
yellow  color  and  is  covered  with  a  decided  froth. 

Pulmonary  Tuberculosis. — The  sputum  from  a  case  of 
pulmonary  tuberculosis  displays  nothing  characteristic,  although 
when  complications  exist,  the  sputum  may  be  placarded  by  certain 
peculiarities. 

Incipient  Phthisis. — Here  the  sputum  is  usually  scanty, 
grayish-yellow  or  whitish  in  color,  frothy,  and  tenacious.  The 
bulk  of  the  day's  product  is  ejected  in  the  morning,  and  even  this 
may  not  exceed  a  few  cubic  centimeters.  Hand  in  hand  with  the 
progressing  pulmonary  involvement  the  sputum  will  be  found  to 
increase  in  quantity.  After  cavity  formation  the  sputum  displays 
coin-like  masses  of  yellowish  or  grayish  mucopus  (see  Nummular 
Sputum  J  page  431). 

Microscopically  the  tubercle  bacillus  is  to  be  detected  (see 
page  438),  but  red  cells  are  not  usual,  and  in  other  respects  the 
sputum  of  tuberculosis  is  practically  the  same  as  that  of  chronic 
bronchitis. 

When  the  admixture  of  blood  is  large,  the  entire  sputum  may 
form  a  rather  dense  clot ;  but  at  other  times  the  presence  of  a 
small  quantity  of  blood  controls  the  color  of  the  sputum.  Dark 
and  blackish  sputum  is  occasionally  seen  (see  Color,  page  430), 
and,  in  cases  in  which  the  hemorrhage  is  ver\'  large,  it  is  often 
difficult  to  determine  whether  the  blood  is  of  pulmonar\',  gastric, 
pharyngeal,  or  aneurysmal  origin.  In  this  connection  I  am 
prompted  to  oflFer  the  following  differential  table: 
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POLMONAXY   HeUOKRBAGE. 

I.  Evidence  of  precxialing  pulmonary 

J.  Preceded    by    thoracic    oppressions 
and  a  saJine  taste. 

3,  Blood    ejected    by    coughing    when 

hemorrhage  is  small, 

4.  In    profuse    hcmorrhaf^    and    when 

ejected  immrilialely  blood  iirteriiil 

J.  Alkaline  reaclion. 
6.  DUK>d  mixed  wiih  [larlicles  of  muco- 
Apro 


lunced  beaded  froth. 
8.  Microscopically  tubercle  bitdlli  and 
elastic  fibers. 


Gastbic  Heuorrhaoe. 
.  Referable   to   the   Ihtoal,   stomach, 
.  Preceded    by    giddiness,    (aininess, 

,.  Blood   ejected   by   vomiting   or   by 

f  Icaring  of  the  Ihroal. 
.  Blood   oT  gastric  origin   dark,    as  • 

rule;  blood  of  pharyngeal  origin, 

bright  red, 
.  Gasltic      blood      acid,       pharyngeal 

blood  alkaline,  in  reaction. 
I.  May  contain  undigested  food. 

'.  Froth  less  marked. 

I.  Microscopically,  Sardnx  vcntriculi, 
starch -granules,  particles  of  food, 
and,  in  the  case  of  cardnoma. 
Urge  bacilli  (Oppler-Boaa,  page 
-^    ■-'  -■-  '  ■        acclia. 


3So),  and  rarely 

The  color  of  the  sputum  may  be  so  modified  by  retention  of  the 
blood  in  an  edematous  lung  that  it  is  unreliable  as  a  distinctive 
feature  between  gastric  and  pulmonary  hemorrhages.  In  such 
cases  either  form  of  hemorrhage  may  result  from  cardiac  in- 
sufficiency. 

Edema  of  the  Lung. — The  .sputum  associated  with  this 
condition  is  always  profuse,  watery,  and  presents  a  heavy  froth. 
In  color  it  will  be  found  to  vary  from  a  translucent  fluid  to  that  of  a 
dirty  reddish  or  brown  liquid.  The  darkening  results  from  the 
admixture  of  blood-cells  and  ihe  presence  of  methemoglobin. 
On  account  of  the  fact  that  such  sputum  is  the  result  of  Iransudates 
it  is  found  to  l)e  rich  in  serum-aJbumin :  while  microscopically  il 
contains  red  and  white  blood-cells  in  variable  numbers;  although 
the  red  cells  are  apparently  too  few  to  account  for  the  decided 
color  which  is  often  present. 

Pneumonia. ^The  characteristic  sputum  of  this  disease  is  to 
be  seen  during  the  early  stage  of  consolidation  in  lobar  pneumonia, 
at  which  time  it  is  scanty  and  tinged  with  blood  (rusly).  Such 
sputum  is  highly  tenacious,  and  shows  no  tendency  to  flow  from 
the  side  of  the  receptacle  (see  Tenacity,  page  429).  In  this  stage 
of  the  disease  the  microscope  shows  the  presence  of  red  corpus- 
cles, upon  which  the  rusty  color  may  depend ;  but  in  certain  in- 
stances very  few  red  cells  are  present,  and  then  the  color  depends 
upon  the  presence  of  hemoglobin  which  has  been  separated  fix«n 
the  corpuscles.  .\  varying  number  of  leukocytes  is  alwuvs  prestot, 
and  upon  staining,  many  of  these  cells  are  seen  to  be  eosinophilic, 
a  condition  more  common  in  the  sputum  of  bronchial  asthma 
>  (page  445)-    Alveolar  epithelial  cells  are,  as  a  rule,  present,  and 
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many  of  these  are  studded  with  granules  of  pigment,  oil-globules 
(fat),  and  myelin  areas.  Larger  epithelial  cells  may  be  seen, 
which  are  probably  derived  from  the  larger  bronchial  tubes  or 
from  the  mouth.  Fibrinous  casts  may  be  detected  by  the  naked 
eye  (see  Fibrinous  Casts,  page  432),  and,  in  the  event  of  such 
complications  as  pulmonary  abscess  or  gangrene,  the  sputum  will 
present  the  characteristics  of  these  conditions  (see  Abscess,  Can- 
^ene). 

Pneumococcus. — The  pneumococcus  (described  on  page  444), 
which  is  present  in  great  numbers  during  the  course  of  this  dis- 
ease, and  particularly  in  the  early  stage  of  hepatization,  will  be 
found  massed  together  in  rather  dense  aggregations  throughout  the 
field.  From  this  arrangement,  unless  an  oil-immersion  objective 
is  employed,  the  organisms  are  likely  to  be  mistaken  for  staphy- 
lococci. After  resolution  has  begun  (third  stage),  the  sputum  of 
pneumonia  cannot  be  said  to  be  characteristic,  but  simulates  that 
of  a  catarrhal  bronchitis. 

Organic  Heart  Disease. — In  cases  of  organic  heart  disease 
it  is  not  uncommon  to  find  blood-stained  sputum :  but  such  sputum 
may  be  readily  distinguished  from  the  sputum  of  pneumonia, 
since  it  will  be  found  to  contain  but  few  diplococci.  Alveolar 
epithelial  cells  in  the  bodies  of  which  small  brownish  or  brown- 
ish-red granules  of  hematoidin  are  deposited — "heart-disease 
cells" — are  a  rare  finding.  In  the  event  of  a  hemorrhagic  infarct 
having  occurred  in  the  lung,  the  sputum  is  at  first  red  in  color, 
but  later  becomes  dark  and  resembles  the  condition  seen  when 
blood  is  retained  in  the  bronchi  before  it  is  ejected. 

Pneumoconiosis. — Under  this  caption  it  has  been  deemed  of 
value  to  describe  briefly  the  sputum  seen  in  cases  of  anthracosis, 
chalicosis,  stycosis,  and  siderosis. 

Anthracosis. — ^This  condition  is  rather  common  in  coal- 
miners  and  in  persons  residing  in  a  district  in  which  particles  of 
coal-dust  and  carbon  are  constantly  floating  in  the  air.  Early 
during  this  condition,  when  the  lung  tissue  has  not  become  seri- 
ously embarrassed  by  the  deposit  of  such  dust,  the  sputum  is 
slight  in  amount,  and  probably  the  only  expectoration  of  the 
day  occurs  upon  rising  or  after  a  meal.  Later,  when  a  decided 
bronchitis  is  present  as  the  result  of  the  foreign  material  in  the 
mucous  membrane  of  the  finer  bronchi,  the  sputum  becomes  more 
copious  and  may,  at  times,  contain  large  mucopurulent  granules, 
spirals,  and  rarely  fibrinous  casts.  At  times  during  the  course  of 
anthracosis  the  sputum  will  present  to  the  naked  eye  a  variable 
degree  of  browning  or  an  irregular  distribution  of  black  pigment. 

Such  sputum  should  be  stained  for  the  tubercle  bacillus.     It  has 
29 
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been  my  privilege  to  delect  this  organism  in  more  than  one  han- 
dred  specimens  of  anlhracolic  sputum.  The  characteristic  find- 
ing, however,  is  that  of  small  particles  of  coal-dust,  which  are 
readily  detected  under  a  one-fifth  objective;  and  when  viewed 
under  an  oil-immersion  objective,  these  masses  cannot  be  mis- 
taken (Plate  30).  The  oihcr  microscopic  findings  are  those 
common  lo  chronic  bronchitis  and  to  asthma. 

It  is  not  uncommon  lo  detect  particles  of  carbon  in  the  sputum 
of  persons  who  smoke  lo  excess;  but  these  particles  differ  from 
those  present  in  ihe  sputum  of  coal-miners  by  the  facts  thai  ihey  - 
are  grayish  or  brownish  in  color,  and  that  they  do  not  present  clear- 
cut  surfaces,  a  characteristic  feature  of  the  particles  of  coal-dust 
seen  in  anlhracolic  sputum, 

Chalicosis. — Chalicosis  is  a  condition  in  which  the  sputum, 
contains  small  particles  of  the  silicates. 

Stycosis. — Stycosis  is  a  condition  in  which  ihe  sputum  is  seen' 
to  contain  particles  of  lime,  plaster-of- Paris,  etc.  The  condltioo 
has  been  described  at  length  by  A.  Robin.  Like  anthracosis, 
stycosis  is  accompanied  by  cough  and  free  expectoration. 
Stonemason's  lung  results  from  the  inhalation  of  lime-dust  and 
particles  of  stone,  the  presence  of  which  may  be  detected  in  the 
sputum  by  its  chemic  reaction.  Particles  of  lime  are  also  to  be 
found  within  the  alveolar  epithelium  and  in  the  leukocytes.. 
Other  characteristics  of  the  sputum  are  practically  those  of  cfaronk , 
bronchitis. 

Siderosis.— The  sputum  in  cases  of  slderosis  is,  as  a  rule, 
brown  or  black  in  color,  while  in  other  respects  it  resembles  that 
of  chronic  bronchitis.  Microscopically  many  alveolar  epithelial 
cells  and  leukocytes  are  lo  be  seen,  both  of  which  arc  often  studded 
with  a  variable  amount  of  reddish  pigment.  Sputum  containing 
iron,  when  treated  with  ammonium  sulphid,  develops  a  black  color, 
due  to  the  formation  of  iron  sulphid.  To  another  portion  of  a 
highly  colored  sputum  supposed  to  contain  iron  add  hydrochloric 
acid  and  potassium  ferrocyanid;  the  presence  of  iron  is  indicated 
by  the  development  of  a  Prussian-blue  color. 


CHEHIC  STXH)Y  OF  THE  SPUTUM. 
ORGANIC  SUBSTANCES. 
The  sputum  will  be  found  lo  contain  certain  organic  substances! 
other  than  those  previously  described,  among  which  aibumini 
ferments,  glycogen,  and  volatile  fals  deserve  brief  mention. 
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Proteids. — Among  the  proteids  commonly  found  in  the  sputum 
serum-albumin,  a  liberal  quantity  of  mucin,  and  nuclein  are 
normal  constituents.  In  the  expectoration  from  cases  of  croupous 
pneumonia,  purulent  bronchitis,  abscess,  draining  through  the 
bronchial  tract,  and  cases  in  which  pus-cells  have  gained  access 
into  the  sputum  peptones  will  be  found  as  a  constant  constituent. 

Detection.  —  Serum-albumin  is  best  detected  as  follows: 
treat  the  sputum  with  dilute  acetic  acid,  fiher,  and  test  the  fiUrate 
as  described  under  the  Chapter  on  Urine  (page  206). 

Excess. — A  large  amount  of  serum-albumin  will  be  found 
in  the  sputum  of  pulmonary  edema,  and  in  allied  conditions  in 
which  the  albuminous  constituents  of  the  blood  are  ejected  with 
the  sputum. 

Ferments. — In  pulmonary  gangrene  and  in  putrid  bronchitis 
the  sputum  has  been  found  by  Stolnikow  to  contain  a  ferment 
which,  in  certain  respects,  resembles  the  pancreatic  ferments.  It 
is  insoluble  in  glycerin,  and  may,  therefore,  be  extracted  from  the 
sputum  by  the  aid  of  this  substance.  This  ferment,  when  present 
in  the  sputum,  is  probably  suggestive  of  a  highly  destructive 
process  in  the  lung. 

Glycogen. — Glycogen  may  be  present  in  the  sputum,  and  its 
detection  is  accomplished  by  the  methods  suggested  by  Williamson 
(see  Blood,  page  68). 

Fatty  Acids. — In  order  to  obtain  the  volatile  fatty  acids  present 
in  the  sputum  dilute  with  water,  acidify  with  phosphoric  acid,  and 
distil.  Examine  the  distillate  for  the  presence  of  volatile  fatty 
acids  according  to  the  technic  described  in  the  chapter  on  Feces. 
Acetic,  butyric,  and  carbonic  acids  are  occasionally  found.  The 
non- volatile  fatty  acids  of  the  sputum  are  detected  by  first  acidify- 
ing the  sputum  with  phosphoric  acid  and  extracting  with  ether. 
Repeatedly  shake  this  ethereal  extract  with  an  aqueous  solution 
of  sodium  carbonate;  by  this  means  the  acids  are  converted  into 
their  respective  salts,  but  remain  suspended  in  the  solution.  Re- 
move the  ether  by  siphoning,  and  obtain  the  fats  after  the  ether 
has  been  evaporated.  Indol,  phenol,  and  skatol  appear  in  the 
sputum  of  pulmonary  gangrene. 


CHAPTER  VI. 

BUCCAL  SECRETION. 

The  salivary  secretion  is  properly  classed  among  the  mixed 
secretions,  since  it  is  derived  in  part  from  the  salivary  glands 
(parotid,  submaxillary,  and  sublingual)  and  in  part  from  the  ducts 
of  the  mucous  glands  within  the  mouth,  all  of  which  open  into  the 
buccal  cavity.  The  saliva  is  subject  to  great  chemic  variations, 
since  the  disproportionate  function  of  any  one  set  of  these  glands 
or  all  of  them  materially  alters  its  chemic  composition. 

Collection. — Direct  the  patient  to  wash  the  mouth,  brushing 
the  teeth  carefully  with  a  solution  of  sodium  bicarbonate,  and 
afterward  rinsing  the  mouth  thoroughly  with  cold  water.  Touch 
the  inner  surface  of  the  cheek  or  the  edge  of  the  tongue  with  a 
glass  rod  that  has  been  dipped  into  dilute  acetic  acid  or  dilute 
hydrochloric  acid.  As  soon  as  the  acid  touches  the  mucous  mem- 
brane the  saliva  will  be  seen  pouring  into  the  buccal  cavity  from 
a  number  of  points.  The  patient  may  be  allo\ved  to  expectorate 
the  saliva  directly  into  an  earthen  receptacle,  or  the  secretion  may 
be  siphoned  into  a  convenient  receptacle  as  follows:  A  glass  tube 
may  be  arranged  with  a  bulbous  expansion  at  one  end  through 
which  there  are  many  small  openings.  This  portion  of  the  tul>e 
is  placed  beneath  the  tongue,  while  the  remainder  of  the  tube, 
bent  at  a  proper  angle,  empties  into  the  receptacle. 

PHYSICAL  PROPERTIES. 

Normal  fresh  saliva  is  colorless  or  may  present  a  slight  bluish 
hue;  it  usually  is  fluid  in  consistence,  though  at  times  semifluid, 
tenacious,  and  stringy.  Upon  standing  in  a  conic  glass  the  saliva 
separates  into  two  layers:  an  inferior  cloudy  or  turbid  stratum, 
w^hich  contains  the  majority  of  the  morphologic  elements,  and  a 
superior  stratum,  usually  the  deeper  and  clearer,  which  is  often 
covered  with  a  beaded  froth. 

Quantity. — The  quantity  of  saliva  secreted  a  day  will  be  found 
to  vary  })etween  200  and  1500  gm.  (6  to  48  fl.  oz.). 

Reaction  and  Specific  Gravity. — Normal  saliva  is  alkaline 
in  reaction  and  has  a  specific  gravity  of  from  1.002  to  1.006. 
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On  account  of  the  disproportionate  activity  of  the  different 
glands  it  is  with  difficulty  that  any  clinical  observations  of  value 
can  be  made  in  this  direction,  except  in  the  saliva  of  a  few  special 
conditions  (ptyalism  and  opium-poisoning).  Traces  of  albumin, 
mucin,  and,  less  often,  potassium  salts  are  to  be  found  in  this 
secretion.  In  addition,  a  ferment,  capable  of  changing  starch  into 
sugar,  and  other  salts  are  normally  present.  When  it  is  possible 
to  obtain  the  secretion  of  the  parotid  gland,  such  saliva  has  been 
found  to  contain  carbonic  acid,  nitrogen,  and  oxygen.  In  health 
the  buccal  secretion  concerns  us,  as  clinicians,  but  little.  During 
diseased  states  this  secretion  is  diminished  to  such  an  extent  that 
its  study  is  impracticable,  except  in  cases  of  ptyalism,  in  which 
the  secretion  is  profuse.  For  chemic  analysis  it  is  possible  to 
collect  pure  saliva,  but  this  is  best  approximated  by  directing  the 
patient  to  rinse  the  mouth  carefully  after  each  meal  and  to  ex- 
pectorate all  secretions  that  accumulate  in  the  mouth  into  a  clean 
vessel.  In  this  way  the  twenty-four-hour  product  may  be  col- 
lected, and  its  specific  gravity,  reaction,  consistence,  etc.,  ascer- 
tained after  the  manner  described  for  the  study  of  urine. 

Sulphocyanids. — Place  a  few  cubic  centimeters  of  saliva  in 
a  test-tube  and  treat  with  a  solution  of  ferric  chlorid.  When  sul- 
phocyanids are  present,  a  bright-red  color  develops  which  is 
unaffected  by  the  application  of  heat  or  by  the  addition  of  acids. 
Should  no  red  color  appear,  place  50  to  100  c.c.  of  saliva  in  a 
casserole  and  evaporate  over  a  water-bath  to  a  few  cubic  centi- 
meters. Repeat  the  test  as  above  outlined.  Sulphocyanids  also 
give  an  emerald-green  color  when  treated  with  cupric  sulphate; 
precipitate  the  saliva  with  alcohol,  filter,  evajx)rate  the  filtrate 
to  dryness  over  a  water-bath,  and  to  this  residue  add  a  few  cubic 
centimeters  of  water. 

Opium  Poisoning. — The  saliva  of  persons  poisoned  with 
opium  will  give  a  cherry-red  color  when  treated  with  ferric  chlorid. 
This  reaction  depends  upon  the  presence  of  meconic  acid,  and  the 
color  is  not  altered  upon  the  addition  of  mercuric  chlorid.  The 
reaction  (red  color)  due  to  sulphocyanids  will  be  found  to  disappear 
when  mercuric  chlorid  is  added. 

Sugar. — Sugar  may  also  be  obtained  from  the  saliva  after  the 
manner  described  in  the  Chapter  on  Urine  (page  224),  observing 
the  above  precautions. 

Diastatic  Ferment. — The  presence  of  a  diastatic  ferment  may 
be  detected  as  follows:  Mix  5  c.c.  of  saliva  with  50  c.c.  of  starch 
water,  heat  over  a  water-bath  at  a  temperature  of  40°  C.  (104°  F.) 
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for  one  hour,  at  which  time  this  mixture  will  be  found  to  given 
definite  reactions  for  grape-sugar  should  an  amylolytic  ferment  be  1 
present. 

Control. — The  mixed  saliva  should  be  tested  for  sugar  before  ' 
the  process  of  heating  is  Ix'gun.  | 

Nitrites. — Nitrites  of  the  saliva  are  demonstrated  by  adding 
a  mixture  of  starch  paste,  dilute  sulphuric  acid,  and  potassium 
iodid-     In  the  presence  of  nitrites  an  intense  blue  color  develops. 

Greiss'  Test.— Dilute  a  quantity  of  saliva  with  live  times 
its  volume  of  water,  add  a  few  drops  of  sulphuric  acid  and  mela- 
diamidobenzol,  and  heat  to  63°  or  65°  C.  (145.4°  lo  149"  F.). 
An  intense  vcllow  color  is  indicative  of  nitrites. 


MICROSCOPIC  APPEARANCE. 

When  examined  under  the  microscope  the  saliva  will  be  seen 
to  contain  a  number  of  morphologic  elements  which  are  found  to 
vary  greatly  both  in  health  and  in  disease. 

The  salivary  corpuscles  are  bodies  which  resemble  the  while 
blood-cells  in  many  respects,  but  which  differ  from  these  bodies 
in  the  following  particulars:  they  arc  larger;  their  protoplasm  is 
usually  more  granular,  and  they  do  not  possess  the  clcar-cul 
margin  so  characteristic  of  the  leukocyte.  Red  blood-cells  may  be 
found  in  pathologic  saliva  in  connection  with  a  variable  number 
of  leukocytes. 

Epithelium.^ Epithelial  cells  are  found  in  bulh  pathologic 
and  normal  saliva.  Since  these  cells  are  derived,  as  a  rule,  from 
the  mucous  membrane  of  the  mouth  and  tongue,  they  varj-  greatly 
in  number  in  health,  and  a  variety  of  forms  and  sizes  are  always 
present.  The  morphologic  characters,  however,  arc  governed  by 
the  respective  layer  of  the  mucous  membrane  from  which  the  cells 
are  derived.  There  is  nothing  characteristic  of  the  epithelium 
ejected  with  the  saliva,  and  when  stained,  ihey  may  show  areas 
of  degeneration;  both  (he  cell-bodies  and  the  nuclei  often  stain 
abnormally. 

Bacteriology. — Molds  arc  not  a  common  finding  in  the  buccal 
secretion.  Fission-fungi  are  occasionally  met  with  in  healthy 
saliva,  occurring  in  dense  aggregations  in  various  portions  of  the 
microscopic  field.  They  are  stained  reddish  with  a  solution  of 
iodin  and  potassium  iodid.  The  ray-fungus  may  be  found  in  the 
saliva  in  cases  of  actinomycosis  (page  458),  and  the  thrush  fungus 
is  also  an  occasional  finding  (page  457).  In  one  case  in  which 
favus  involveil  ihe  tonsils  I  rccoviTed  the  fungus  from  the  saliva 
(Fig.  192). 
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The  saliva  may  contain  the  bacteria  of  an  infectious  disease 
during  an  attack  of  that  disease;  for  example,  pneumonia  and 
typhoid  fever.  Among  other  organisms  found  in  the  saliva  de- 
serving special  mention  are:  Lcptothrix  buccalis,  Spirochajta  den- 
tium,  Vibrio  buccalis,  micrococcus  of  septic  sputum,  Micrococcus 
tetragenus,  a  bacillus  found  in  connection  with  decaying  teeth, 
Staphyloc(x:cus  pyogenes  albus,  Staphylococcus  pyogenes  aureus. 
Streptococcus  pyogenes,  tubercle  bacillus,  Bacillus  diphtherias. 
Bacillus  pestis.  Bacillus  leprae,  the  fusiform  bacillus,  the  spirillum 
of  \'incent,  the  pneumococcus,  a  large  diplococcus,  meningococcus, 
and  the  diplococcus  of  Class  (scarlatina).  It  is  not  infrequent  to 
find  bacilli  in  the  saliva  of  healthy  persons  which  in  morphologic 
and  cultural  characteristics  resemble  closely  the  bacillus  of  diph- 
theria.  In  fact,  at  times  it  is  impossible  to  distinguish  between 
this  pseudodiphtheria  bacillus  and  the  true  Klebs-Loffler  bacillus, 
except  by  the  aid  of  inoculations.  Cultures  from  the  saliva  are 
seldom  of  practical  value;  but  when  such  studies  are  undertaken, 
the  inoculation  should  be  made  from  material  obtained  directly 
from  the  mucous  surface  of  the  buccal  cavity. 
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For  clinical  significance  of  buccal  secretion  in  disease,  see  p. 

534. 

Catarrhal  Stomatitis. — Catarrhal  stomatitis  is  a  condition 

which  is  characterized  by  an  increased  quantity  of  saliva  which 
is  acid  in  reaction.  Microscopically  many  epithelial  cells,  leuko- 
cytes, and,  at  times,  red  blood-cells  may  be  found  in  the  fluid. 

Should  the  condition  progress  to  ulceration,  the  saliva  becomes 
fetid,  brown  or  blackish  in  color,  and  alkaline  in  reaction.  At 
this  stage  of  the  disease  the  microscope  shows  many  red  blood- 
cells,  leukocytes,  tissue  debris,  and,  at  times,  many  fungi  and 
bacteria. 

Ulcerative  Stomatitis  with  Angina. — Of  late  the  records  of 
a  number  of  cases  of  ulcerative  stomatitis  with  angina  have  ap- 
peared in  the  literature.  In  this  disease  the  saliva  was  found  to 
contain  the  "fusiform  bacillus  and  spirillum  of  Vincent."  The 
majority  of  these  reports  have  appeared  in  foreign  periodicals, 
principally  those  of  France  and  Germany;  while  the  English 
literature  shows  few  such  records.  Among  the  last  should  be 
mentioned  the  researches  of  Emil  Mayer;*  also  a  report  of  two 
cases  by  Fisher.f  Vincent  {  first  called  attention  to  the  fact  that 
in  certain  forms  of  ulcerative  angina  fusiform  bacilli  and  si)irilla 
were  to  be  found  in  the  saliva.     In  1897  the  same  author  reported 

♦  "  Amer.  Jour.  Med.  Sci."  Feb.,  1Q03.  t  Ibid.,  Sept.,  1903. 

I  "Annal.  dc  I'Institut  Pasteur,"  1896. 
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the  studies  of  14  additional  cases  in  which  these  organisms  were 
found.*  In  1897  Bemheim  published  his  findings  in  30  cases  of 
stomatitis  with  angina,  although  he  did  not  regard  the  bacillus 
of  Vincent  as  the  etiologic  factor  in  his  cases.  Niclot  and  Marotte 
have  made  an  exhaustive  bacteriologic  study  of  the  saliva  in  this 
condition,  and  from  their  conclusions  I  have  made  the  following 
abstract,  which  embraces  the  characteristics  of  these  organisms. 

Bacillus. — ^The  fusiform  bacillus  (Fig.  191)  is  expanded  at  its 
center  and  displays  pointed  extremities;  it  is,  as  a  rule,  straight, 
but  at  times  is  slightly  curved  or  bent  upon  itself.  It  measures  6 
to  12  //  in  length.  In  the  smeared  saliva  it  often  appears  in 
rather  dense  aggregations,  sometimes  resembling  diplococci,  and 

at  other  times  resting  at  right 
angles  to  each  other.  The 
organisms  are  slightly  motile. 
They  stain  readily  with  the 
ordinary  basic  dyes;  but, 
as  a  rule,  they  are  nearly 
all  decolorized  by  Gram's 
method,  and  those  organ- 
isms which  resist  the  decol- 
orizing process  are  usually 
involution  forms,  and  are 
often  found  to  show  vacuola- 
tion  and  granulation.  Spore- 
formal  ion  has  not  been  de- 
termined. 

Spirillum. — The  spirillum 
(Fig.  191)  varies  in  its  di- 
mensions, but  is,  as  a  rule, 
lon<r  and  of  uniform  diameter  throughout.  It  occurs  singly  or  in 
clusters,  and  less  often  in  dense  masses.  It  is  motile,  and  the 
motility  may  persist  for  some  hours,  although  it  diminishes  ujxm 
exj)()sure  to  the  air  or  at  a  low  temperature.  This  organism  is 
stained  by  the  ordinary  basic  dyes,  but  is  readily  decolorized  by 
Oram's  method.  In  deep  ulcerations  both  bacilli  and  spirilla 
are  ])resent,  but  where  the  ulcerative  process  is  superficial,  only 
fusiform  ])a(ini  are  found.  This  rule,  however,  does  not  alwavs 
hold  true.  X'incent's  bacillus  and  spirillum  may  be  found  asso- 
ciated with  the  streptococcus,  the  pneumococcus,  the  Klebs- 
Lr)rtl(T  ba(  ilkis,  and  the  colon  bacillus  in  the  secretion  from 
su])erficial  ulct-rations,  but  should  the  secretion  be  taken  from  a 
deeper  source,  it   is  most  likely  to  show  only  bacilli  and  spirilla. 

♦  "P>ul.  ct  Mrm.  Soc.  Med.  dcs  Hop.,"  Mch.,  iSyS. 


l"i>;.  I'ji. — Barilhis  and  spiiillum  of  Vincent, 
from  ulrt-i  in  <  asc  <»i  uK-craiive  stomalili>. 
StaiiK-«l  l)\'  ( atbnltut  hsin  xibj.  H.  and  L.  oiie- 
iwtltih  oil-iniinL-isjon  ;  >    hkxjj. 
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Thus    far    cultivation    and    inoculation    have    given    negative 
results. 

Gonorrheal  Stomatitis. — In  a  few  instances  stomatitis  has 
been  found  to  result  from  infection  with  the  gonococcus,  and 
while  chancroidal  infection  of  the  mouth  is  occasionally  seen,  both 
these  conditions  must  be  extremely  uncommon  in  America.  In 
several  cases  of  stomatitis,  supposedly  gonorrheal,  I  found,  by 
cultural  methods,  that  the  organism  in  question  was  not  the 
gonococcus,  but  an  intracellular  diplococcus  which  did  not  stain 
by  Gram's  method. 

Thrush. — Thrush  is  not  an  uncommon  finding  in  the  buccal 
secretions  of  children,  while  occasionally  it  may  be  encountered 
in  the  saliva  of  adults.  In  the  latter  case  it  is  found  in  persons 
■whose  vitality  is  greatly 
reduced  —  e.  g.,  those 
suffering  from  tubercu- 
losis. In  this  disease 
the  saliva  is  often  acid 
in  reaction,  although 
the  thrush  fungus 
(Oidium  albicans)  may 
develop  in  an  alkaline 
medium,  yet  it,  like 
other  fungi,  will  be 
found  to  develop  well 
in  acid  media. 

Detection. — Re- 
move a  small  portion 
of  the  white  patch 
which  appears  on  the 
mucous  membrane, 
smear  thinly  upon  a 
slide,  and  examine 
under  a  two-thirds  or  one-sixth  objective,  when  the  mycelia  and 
the  spores  of  this  fungus  will  be  readily  detected  (Fig.  192). 
Leukocytes,  tissue  debris,  red  cells,  and  branching,  ribbon- 
like  segments  of  the  fungus  are  constant  findings.  Well- 
defined  oval  cells  displaying  one  or  more  nuclei  are  also  present, 
and  the  desquamated  epithelial  cells  are  commonly  found  in 
clusters  of  four  to  ten  each.  Later  in  the  course  of  the  disease 
the  initial  patches  may  coalesce,  but  this  does  not  influence 
materially  the  characteristic  features  of  the  fungus.  The  mycelial 
threads  of  the  thrush  fungus  are  well  stained  by  anilin-gcnlian- 
violet  and  by  an  aqueous  solution  oi  methylene-blue.     Staining 
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shows  that  each  segment  of  the  ribbon-like  bodies  contains  a 
highly  refractive,  especially  well-stained,  ponion  imbedded  near 
one  extremity.  These  bodies  (spores?)  may  be  situated  al  each 
extremity  of  the  segment;  they  are  at  limes  finely  granular  and 
oval  in  outline.  Staining  is  by  no  means  necessary  for  the  study 
of  this  fungus,  and  satisfactory  results  are  to  be  obtained  by 
adding  glycerin  to  the  exudate  and  studying  as  previously  outlined. 
Actinomycosis. — Pus  containing  the  aclinomyces  is  at  limes 
discharged  with  the  buccal  secretion.  J.  Wright  reports  a  case  of 
infection  of  the  tonsil.* 


COATING  OF  THE  TONGUE. 
The  coaling  of  the  tongue  when  subjected  to  a  microscopic 
examination  may,  in  certain  febrile  conditions,  contain  great  num- 
bers of  various  forms  of  epithelial  cells,  and  dark  cellular  bodies, 
doubtless  degenerated  epithelium.  Black  coaling  is  probably 
dependent  upon  a  formation  of  pigmented  papilla.-,  while  a  while 
coaling  is  norma!  for  children  and  will  be  found  to  accompany 
gastro- intestinal  conditions  in  the  adult.  In  these  conditions 
epithelium,  salivary  corpuscles,  and  a  tew  fungi  may  be  present. 


TARTAR  OF  THE.TEETH. 

Chemically,  the  tartar  on  the  teeth  is  composed  of  calcium 
salts;  but,  as  a  rule,  it  is  found  to  be  principally  composed  of 
calcium  salts  because  of  the  greater  solubility  of  the  potassium 
and  sodium  sails.  Either  [jotasaium  or  calcium  may  exist  as 
urates,  and  in  certain  instances  sodium  urate  forms  the  principal 
ingredient  of  the  so-called  tartar  and  scales.  The  above  deductions 
are  taken  from  a  scries  of  analyses  made  by  Dr.  James  C.  Attix. 

The  urates  preponderate  in  the  tartar  collected  from  the  teeth 
of  persons  known  lo  be  of  a  rheumatic  or  uric-acid  diathesis. 

Theory. — The  secretions  of  the  parotid,  sublingual,  and  sub- 
maxillar)- glands  are  known  to  be  rich  in  mucin,  and  contain  CO, 
prior  to  being  fwurcd  into  the  oral  cavity,  when  these  secretions 
are  under  slight  pressure.  Upon  escaping  into  the  mouth  this 
pressure  is  released,  CO,  escapes,  and  thereujwn  the  precipitation 
of  the  contained  salts  is  favored.  This  action  is  enhanced  further 
in  the  presence  of  the  laclic-acid  fermentation.  A  slight  acid 
reaction  of  the  secretions  of  the  mouth  favors  this  process,  because 
mucin  is  thereby  made  thick  and  viscid,  thus  entangling  the 
minute  particles  which  go  to  make  up  these  concretions. 
•  ".\mer.  Jour.  Med.  Scicnics,"  July.  1904,  p.  74. 
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Characteristics. — ^These  tartars  arc,  as  a  rule,  quite  solid  and 
granular.  When  the  urates  predominate  in  them,  they  have  a 
yellowish  hue,  although  they  may  at  times  be  stained  from  the 
use  of  tobacco,  etc.  The  color  and  consistence  of  the  tartar  de- 
posited upon  the  teeth  of  those  suffering  from  a  general  peri- 
cementitis, as  is  seen  in  marked  anemias,  are  variable:  at  times, 
light,  and  at  other  times  dark;  always  offensive  in  odor  and  rich 
in  particles  of  food  and  in  lactic  acid. 

Bacteriology. — Tartar  from  the  teeth  smeared  out  thinly 
upon  a  slide,  when  stained  with  carbolfuchsin  or  methylene-blue, 
will  be  found  composed  principally  of  long  bacilli  arranged  in 
chains,  and  these  chains  in  ribbon-like  bundles  (Leptothrix  buc- 
calis).  These  organisms  are  stained  a  bluish  red  by  a  solution  of 
iodin  and  potassium  iodid.  It  has  been  at  times  regarded  as  a 
cause  of  dental  caries,  but  many  authorities  claim  that  other 
organisms  contribute  largely  toward  this  process.  Streptococci 
and  staphylococci  are  also  to  be  obtained  from  the  tartar  collected 
about  the  teeth,  but  these  organisms  are  not  usually  pathogenic. 

Pernicious  Anemia. — Of  recent  years  considerable  attention 
has  been  given  to  the  subject  of  dental  caries,  the  tartar  of  the 
teeth,  and  the  existence  of  a  high  grade  of  anemia.  In  fourteen 
cases  of  pernicious  anemia  in  which  the  blood  counts  gave  the 
number  of  red  cells  below  1,250,000  per  cubic  millimeter  I  found 
that  the  teeth  were  in  bad  condition  in  many,  so  that  I  was  often 
able  to  recover  pathogenic  bacteria,  cocci,  and  bacilli  from  this 
source.  Again,  in  a  rather  large  percentage  of  my  cases,  the  teeth 
were  found  to  be  in  perfect  condition,  and  out  of  three  cases 
studied  through  the  courtesy  of  Dr.  L.  Webster  Fox,  two  showed 
that  the  teeth  had  never  required  the  attention  of  the  dentist 
and  were  in  perfect  condition,  while  the  third  showed  the  teeth 
to  be  in  a  healthy  state. 


TONSILLAR  MEHBRANE. 

During  the  course  of  tonsillitis  a  membrane  may  be  removed 
from  the  tonsil.  When  stained,  this  membrane  is  often  found  to 
contain  streptococci,  diplococci,  staphylococci,  or  a  combination 
of  all  in  conjunction  with  bacilli.  In  scarlet  fever  Class  claims  to 
have  found  a  large  diplococcus  in  a  high  percentage  of  his  cases. 
In  catarrhal  tonsillitis  the  secretions  are  liable  to  show  many 
bacteria. 

Diphtheria. — In  cases  of  suspected  diphtheria  it  is  often 
possible  to  diagnose  the  disease  from  a  microscopic  study  of  the 
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false  membrane.  It  is  my  practice  to  secure  a  small  jDortion  of  the 
membrane  by  means  of  a  forceps,  and  to  smear  it  thinly  upon  a 
slide.  The  specimen  is  then  fixed  by  heat,  stained  for  three 
minutes  with  Loffler's  methylene-blue  solution,  washed  in  water, 
dried,  and  studied  under  an  oil-immersion  objective.  In  the  vast 
majority  of  instances  it  will  be  possible  to  detect  typical  diphtheria 
bacilli  in  such  secretions.  I  have  employed  this  method  and 
have  at  the  same  time  made  cultures  as  control  tests  and  examined 
them  after  they  had  been  kept  for  twenty-four  hours  in  the  incu- 
bator. In  more  than  70  per  cent,  of  the  cases  it  was  possible 
to  recognize  the  diphtheria  bacillus  beyond  question  of  a  doubt 
in  the  stained  specimen,  and  in  every  instance  these  findings  were 
confirmed  by  cultural  studies. 

Caution. — It  will  often  be  found  that  the  false  membrane 
removed  from  the  tonsil  contains  only  streptococci,  and  rarely 
it  will  be  found  to  contain  bacilli.  Still  the  bleeding  surface  w^hich 
results  from  the  removal  of  such  a  membrane  appears  to  the  naked 
eye  identical  with  that  of  diphtheria.  Again,  the  membrane  may 
not  leave  a  bleeding  surface  after  removal,  and  yet  the  microscope 
will  show  Klebs-Lofiler  bacilli  in  great  numbers.  The  pseudo- 
diphtheria  bacillus,  when  present,  cannot  be  distinguished  micro- 
scopically from  the  true  organism,  yet  this  difficulty  is  liable  to 
arise  when  cultures  are  made.  In  such  a  condition,  where  pseudo- 
diphtheria  bacilli  are  present  only,  the  inoculation  of  animals 
appears  to  give  the  only  positive  evidence  of  diphtheria. 

Pharjrngomycosis  Leptothricia. — ^The  term  phar>'ngomy- 
cosis  leptothricia  has  been  applied  to  the  peculiar  formation  of 
horny-like,  white  tufts  in  and  about  the  tonsils,  on  the  walls  of 
the  pharynx,  and  on  the  base  of  the  tongue.  Recently  these  white 
patches  and  tufts  have  received  special  attention,  and  it  has  been 
proved  that  many  of  them  are  examples  of  keratosis;  others,  how- 
ever, deserve  the  term  mycosis  phar}^ngea  leptothricia.  The  first 
clear  description  of  the  latter  condition  appeared  from  the  pen 
of  B.  Frankel.*  Siebenmann  contributed  an  exhaustive  and 
admirable  paper  on  this  subject  in  1895. 

Collection. — Remove  a  small  portion  of  one  of  these  patches 
by  means  of  a  small  forceps,  smear  thinly  upon  a  slide,  fix  by 
heat,  and  stain  with  a  solution  of  iodopotassic  iodid.  In  a  number 
of  instances  the  Leptothrix  buccalis  will  be  found  to  be  stained  a 
bluish- red  color  (Fig.  193).  This  organism  may  also  be  recov- 
ered from  the  tartar  of  the  teeth  and  from  the  mucous  mem- 
brane surrounding  the  white  patches. 

Keratosis. — Recently  C.  W.  Richardson  f  has  described  in  de- 

♦  "Ikrlin  Mod.  Soc,"  1873.     t  "Amer.  Jour.  Med.  Sci.,"  Oct.,  1902. 
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tail  these  palchesof  so-called  mycotic  disease  of  the  pharynx.  In 
fais  paper  Richardson  states  that  in  a  large  percentage  of  cases 
the  condition  is  a  true  keratosis,  and  that  the  occurrence  of  the 
leptothrix  in  the  patches  is  either  accidental  or  physiologic,  but  that 
the  organism  bears  no  causal  relation  to  the  condition.  Although 
there  are  probably  various  types  of  the  Leptothrix  buccalis,  and 
■while  the  earlier  writers  regarded  this  organism  as  the  sole  cause 
of  the  condition,  more  recent  investigators  (A.  Brown  Kelly) 
regard  the  disease  as  possibly  due  to  bacteria  other  than  the 
leptothrix.  According  to  this  view  the  bacteria  induce  certain 
changes  in  the  lacunar  epithelium  (epithelial  buds),  which  eventu- 


ally result  in  the  production  of  the  white  masses  and  homy  quills. 
The  leptothrix  filaments  are  found  in  large  numbers  in  specimens 
obtained  from  the  tonsils,  tongue,  and  nasopharynx.  Organisms 
have  been  isolated  from  all  these  situations  which  have  been  prac- 
tically identical  with  those  recovered  from  the  white  patches  pre- 
viously described, 

Cultures  from  the  Throat.— Loffler's  blood-serum  will  be 
found  most  scr\'iceable  for  the  cultivation  of  all  bacteria  common 
to  the  buccal  secretion  ^see  outfit,  Fig.  194).  Place  the  patient 
in  a  bright  light,  direct  him  to  open  his  mouth  well,  or  if  a  child 
see  figures  195  and  196,  and  by  means  of  a"  spoon  or  a.  tongue 


Fir.  104.— Heslih  Depanmem  ouilii  fur  diphthrrUi  rfiiKnosis,  A  m 
a  twHb-Iutw  and  1  acium-tuhF.  both  vhh  i^tchcd  surface  an  whidh 
addmiol  |mllci>l.clc.  (Gorhaml. 
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ressor  obtain  a  clear  view  of  the  throat.  Place  a  small  amount 
terilized  cotton  upon  a  platinum  needle  (Fig.  197);  draw  the 
cotton  over  the  false  membrane  of  the  tonsil, 
pharynx,  or  buccal  mucosa,  applying  sufficient 
pressure  to  dblodge  as  much  of  the  membrane 
as  possible.  Carry  this  cotton  and  its  contained 
secretion  into  the  culture-tube  containing  Lflfiler's 
blood-serum  (Fig.  198),  and  smear  the  cotton 
over  the  entire  surface  of  the  medium.  Cork 
tightly  with  the  cotton  stopper  and  place  the 
tube  in  an  incubator  for  twenty-four  hours,  when 

B  examine  for  colonies  of  the  Klebs-Laffler  bacillus 

and  for  other  bacteria.  In  case  of  diphtheria  the 
Klebs-Loffler  bacillus  may  be  present  in  a  pure 
culture,  but  it  is  the  rule  to  find  it  in  conjunc- 
tion with  other  organisms.  At  times  the  strepto- 
coccus may  be  the  predominant  organism,  and  a 
common  finding  is  but  few  Klebs-L6ffler  bacilli 
with  many  colonies  of  staphylococci  and  of  a  large 
diplococcus.  The  streptothrix  is  also  commonly 
encountered,  and  may  appear  in  pure  cultures  in 
cases  of  pharyngomycosis. 

Staining. — Remove  one  of  the  colonies  that 


sjiSd^rs 


y  have  developed  at  the  end  of  twcnty-fcur  hours  by  means 
a  platinum  needle,  and  spread  it  thinly  upon  a  slide,  fix  by 
I,  and   stain   for  from    three   to   five   minutes  with   Loffler's 
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methylene-blue  sohition.  Diphtheria  bacQIi  are  soea  t< 
in  a  rather  chaiactertetic  mannery  their  extrmities  staining 
(Plate  31). 

Other  pathogenic  bacteria  are  also  stained  by  this  sc 
Tubercuknis  ccmditions  of  the  throat  are  to  be  recogni 
staining  the  secretkm  for  the  tubercle  bacillus  (page  438] 
cufture  studies  of  this  ofj^uusm  from  the  buccal  secreti 
impracticable. 


CHAPTER  VII. 

THE  NASAL  SECRETION. 

Naked-eye  Appearance. — In  health  the  nasal  secretion  is 
comparatively  scanty,  but  in  certain  diseased  conditions,  either 
acute  or  chronic,  it  may  be  profuse.  Normally,  the  secretion  is  a 
clear,  tenacious,  odorless  liquid,  having  a  saline  taste,  and  pre- 
senting a  slight  beaded  froth.  It  is  composed  principally  of 
mucus.  Microscopically  this  secretion  is  found  to  contain  epithe- 
lial cells  in  abundance,  leukocytes,  and  fungi.  Some  epithelial 
cells  show  cilia,  while  others  exhibit  the  various  degenerative 
processes. 

Reaction. — ^The  reaction  of  the  nasal  secretion  is  alkaline. 

Rhodan. — Rhodan  may  be  present  in  the  nasal  and  in  the 
buccal  secretions.  It  is  detected  by  placing  a  drop  of  the  secretion 
on  filter-paper  that  has  been  previously  colored  yellow  by  a  solution 
of  ferric  chlorid  in  hydrochloric  acid.  If  rhodan  is  present,  the 
yellow  paper  will  turn  red.  Keller*  discovered  that  rhodan  is 
present  in  the  nasal  secretions  of  children  two  and  three  months 
old,  but  not  in  their  saliva. 

Pathologic  Secretion. — In  acute  inflammatory  processes  of 
the  nasal  mucosa  the  secretion  at  first  is  diminished  in  amount, 
but  following  this  stage  it  becomes  profuse.  In  the  latter  condi- 
tion numerous  epithelial  cells,  together  with  a  number  of  bacteria, 
may  be  found.  Pus  is  present  only  when  ulceration  ensues,  and 
its  quantity  bears  a  direct  relation  to  the  degree  of  ulceration. 
Chronic  suppurative  processes  may  affect  both  the  nasal  mucosa 
and  the  accessory  air-spaces,  such  as  the  antrum,  the  ethmoidal 
air-cells,  etc. 

Hay-fever. — During  the  course  of  hay-fever  the  nasal  secre- 
tion will  be  found  to  vary  greatly  at  different  hours  of  the  day, 
depending  upon  the  occurrence  of  the  characteristic  paroxysms 
of  the  disease.  Early  in  one  of  these  f)ar()xysms  the  nasal  secretion 
is  lessened,  but  after  the  attack  of  sneezing  the  secretion  becomes 
profuse.  Microscopically  the  nasal  secretion  in  this  disease  re- 
sembles that  of  an  acute  inflammation  and  often  contains  red 
blood-cells. 

♦  **  MUnchencr  med.  Wochenschr.,"  Nov.  13,  iqoo. 
30  4^5 
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Tuberculosis. — Tubercle  bacilli  may  be  found  in  the  nasal 
secretion  whenever  there  is  a  tuberculous  ulceration  of  the  naso- 
pharynx. In  my  experience  it  has  been  rather  common  to  find 
this  organism  present  in  the  discharge  from  the  nose  in  cases  iif 
large  pulmonary  cavities  and  in  cases  of  tuberculous  laryngitis. 
The  finding  of  this  bacillus  in  the  nasal  secretion  is,  therefore,  of 
limited  clinical  value. 

Meningitis. — The  cerebrospinal  fluid  may  escape  into  the 
nasal  cavity  as  a  result  of  fracture  of  the  base  of  the  skull.  Cere- 
brospinal fluid  has  also  been  detected  in  the  nasal  secretion  in 
cases  of  cerebral  tumor  and  of  caries  of  the  bones  of  the  skull. 

Detection. — The  presence  of  this  fluid  may  be  detected  in  the 
nasal  secretion  by  the  fact  that  it  is  practically  free  from  albumin 
and  that  it  contains  a  questionable  body  which  is  capable  of 
reducing  Fehling's  solution. 

The  Diplococcus  intracellularis  of  Weichselbaum  (Fig.  213) 
may  be  found  in  the  nasal  secretion  early  in  the  course  of  epidemic 
cerebrospinal  meningiti.s.  This  organism  is  said  to  have  been  found 
in  the  nasal  secretion  in  healthy  persons,  but  my  experience  does 
not  confirm  this  statement.  Out  of  twelve  fatal  cases  of  epidemic 
cerebrospinal  meningitis  I  was  able  to  detect  the  Diplococcus  in- 
tracellularis in  the  nasal  secretion  in  eight,  both  in  cover-glass 
preparations  and  by  culture.  In  staining  for  this  organism  a 
portion  of  the  mucus  or  mucopus  is  smeared  in  a  thin  layer  upon  a 
slide,  fixed  by  heat,  stained  for  fifteen  seconds  with  a  solution 
of  anilin-genti an- violet,  and  washed  in  water.  Apply  Gram's 
solution  for  one  minute  and  alcohol  until  all  the  violet  color  dis- 
appears; wash  again  in  water,  and  stain  for  two  minutes  with  a 
saturated  alcoholic  solution  of  Bismarck- brown.  The  Dip- 
lococcus intracellularis  will  be  found  to  be  stained  brown;  the 
nuclei  of  the  pus-cells  and  leukocytes,  a  mahogany-red;  while  the 
protoplasm  of  the  cells  will  be  stained  a  light  brown.  The  menin- 
gococcus is  often  found  within  the  bodies  of  the  pus-cells,— 
a  feature  also  characteristic  of  the  gonococcus,^but,  on  the 
other  hand,  many  extracellular  diplococci  are  also  present 
(see  Meningitis).  Without  such  an  examination  it  is  unwise 
to  venture  a  positive  diagnosis. 

Glanders. — During  the  course  of  glanders  the  nasal  secretion 
is  most  likely  to  contain  the  Bacillus  mallei  in  great  numbers. 

Ozena. — In  ozena  the  nasal  secretion  is  said  to  contain  many 

large  diplococci,  and,  according  lo   Lowenberg,   this   finding   is 

fairly    constant.     Schlafrig*    recovered    a    pure    culture  of  the 

*  "Wien.  klin.  Wuchcnsrhr.,''  Oct.  17,  1001. 
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lilicrococcus  tetragenus  in  this  disease.     Fungi   (Oidium  albi- 
cans), cocci,  and  bacilli  may  also  be  found. 

Klemperer  and  Sheier,  in  a  rather  exhaustive  monograph  upon 
the  bacteriology  of  ozena  and  rhinoscleroma,  conclude  that  the 
so-called  bacillus  of  ozena  resembles  closely  the  bacillus  of  Fried- 
lander  (Fig.  188),  and  these  authors  believe  that  the  latter  organism 
becomes  plentiful  in  the  nasal  secretions  during  the  course  of  ozena.* 
In  a  few  instances  the  tubercle  bacillus  has  been  recovered  from 
the  discharge  in  cases  of  ozena. 

Leprosy. — Whenever  leprosy  involves  the  nasal  cavity  or  the 
adjacent  tissues,  lepra  bacilli  may  be  found  in  the  nasal  secretion. 
They  may  be  detected  by  the  method  described  on  page  112. 

Plague. — In  the  pneumonic  form  of  bubonic  plague  the  nasal 
secretion  may  be  found  to  contain  the  plague  bacillus,  but  this 
finding  is  of  but  little  importance,  since  the  organism  is  readily 
recovered  from  other  situations  (see  Plague,  page  114).  In  plague 
pneumonia  the  sputum  contains  plague  bacilli  (Plate  31). 

Pneumonia. — It  is  not  uncommon  to  find  the  pneumococcus 
in  the  nasal  secretion  during  the  course  of  acute  lobar  pneumonia, 
and  I  have  repeatedly  isolated  it  from  the  nasal  cavities  of  healthy 
persons.  In  one  instance  I  recovered  the  bacillus  of  Friedlander 
from  the  nasal  secretion  in  a  case  of  lobar  pneumonia. 

Influenza. — ^The  influenza  bacillus  may  be  detected  in  the 
nasal  secretion  early  in  the  course  of  influenza.  The  bacilli 
appear  as  very  slender  rods  which  stain  readily  with  carbolfuchsin 
(see  Sputum). 

Typhoid  Fever. — During  the  course  of  typhoid  fever  many 
microorganisms  may  be  obtained  from  the  nasal  secretion,  and 
while  the  typhoid  bacillus  is  at  times  present,  the  finding  is  of  no 
clinical  importance.  Streptococci,  diplococci,  and  bacilli  are  also 
present.  The  nasal  secretion  is  likely  to  contain  many  red  blood- 
cells,  but  the  other  evidences  of  inflammation  are  wanting. 

Crystals. — Charcot-Leyden  crystals  (Fig.  189)  are  often  to  be 
seen  in  the  nasal  secretion,  as  are  also  crystals  resembling  the 
triple  phosphates  in  appearance. 

Fungi. — Molds  are  occasionally  recovered  from  the  nasal 
secretion,  and  a  few  records  have  appeared  in  the  literature  in 
which  the  thrush  fungus  and  the  aspergillus  have  been  detected. 

Entozoa. — Ascarides  and  oxyurides  arc  reported  as  having 
been  found  in  the  nasal  secretion.  The  larvae  of  certain  insects 
have  also  been  found  in  the  nasal  cavitv,  but  have  rarely  been 
detected  in  the  discharge. 

♦  "Zeit.  f.  klin.  Med.,"  vol.  .\lv,  pts.  i,  2. 
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Wtam  d^ilidKm  uiiutics  Ac  inwMip  or,  Ac  diiiknemt 
baciDus  mav  be  detected  in  the  anditonr  e3nKlate.  Tlie  tubenJe 
bacillus  has  also  been  found  in  cases  in  which  there  is  niberculoits 
invoivement  of  the  ear  or  the  adjacent  structures.  During  the 
course  of  influenza  the  baciDus  of  influenza  may  be  found  within 
the  middle  ear  or  in  the  pus  discharge  from  the  canal.  There 
appears  to  be  some  question  as  to  the  exciting  cause  of  acute  otitis 
media,  and  it  may  safely  be  said  that  the  laboratory  worker  is 
seldom  called  too  early  to  recover  the  pneumococcus  and  the 
streptococcus,  but,  according  to  the  researches  of  Lerroo>*ez  and 
Helme,*  otitis  media  is  of  monobadllar^*  origin,  and  the  pneumo- 
coccus or  the  streptococcus  is  seldom  to  be  found  with  other 
micro-organisms.  .\t  any  rate,  the  disease  has  not  progressed 
far  when  the  pus  becomes  contaminated  with  staphylococci,  so 
that  it  is  not  uncommon  to  find  the  latter  organism  only  imme- 
diately after  paracentesis.  The  fact  that  disease  of  the  ear  is 
commonly  secondary*  to  disease  of  the  nasopharynx  renders  it 
reasonable  to  suppose,  at  least,  that  the  same  organisms  are  con- 

♦  *•  Annal-  d.  MaI.  dc  rOrrilk/'  iSg>. 
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cemed  in  the  production  of  the  two  conditions,  and  that  they 
may  be  recovered  from  the  pharyngeal  and  nasal  mucosae  as  well 
as  from  the  middle  ear — e.  g.^  during  the  course  of  scarlet  fever 
streptococci  and  diplococci  may  be  found  in  the  throat,  as  well 
as  in  the  discharge  from  the  ear. 


PARASITIC  inflamhation  of  the  external  auditory 

CANAL. 
(Otomycoftiii  Myringomycotii  aipergillln^) 

Mycosis  of  the  external  auditory  canal  is  commonly  of  parasitic 
origin,  and,  in  a  great  many  instances,  this  condition  is  excited 
by  the  development  of  a  rather  common  fungus,  the  Aspergillus 
niger,  although  other  species  of  this  organism  have  also  been 
found — Aspergillus  flavus  and  fumigatus.  In  addition  to  these  or- 
ganisms the  Vesticillium  graphii,  Aspergillus  fumigatus  with  grass- 
green  conidia,  Aspergillus  nidulans,  Ascophora  elegans,  Mucor 
corymbifer,  Eurotium  malignum,  Mucor  septatus,  and  the  Peni- 
cillium  minimum  have  been  recovered  from  the  external  auditory 
canal. 

Detection. — Remove  a  small  portion  of  the  mycotic  debris 
and  spread  it  thinly  on  a  slide;  add  a  small  drop  of  water  and 
apply  a  cover-glass.  When  studied  under  a  one-fourth  or  one- 
sixth  objective,  many  small,  tape-like  structures  (hyphae)  may  be 
seen  (Plate  21),  many  of  which  support  a  spheric,  granular  body  at 
one  extremity  (sporangium).  Surrounding  the  sporangium  several 
small  spheric  bodies  (spores)  are  usually  seen,  which  have  been 
detached  during  manipulation  (Plate  21).  The  various  forms 
of  aspergillus  may  be  known  partly  from  the  color  of  the  growth 
they  produce,  which  depends  somewhat  upon  their  conidia. 
The  Aspergillus  niger  produces  a  blackish  or  dark-brown  growth ; 
A.  flavus,  a  yellowish  or  green  growth,  which  is  also  produced  by 
the  A.  glaucus;  while  a  dull-gray  or  grayish-brown  growth  is 
characteristic  of  the  A.  fumigatus.  I  have  found  that  the  culture- 
medium  and  the  degree  and  character  of  the  light  influence  the 
color  of  the  growth  of  the  aspergillus  materially — e.  g,,  when 
grown  under  a  red,  green,  or  blue  glass  the  characteristic  color  of 
the  fungus  was  greatly  changed. 

Sterigmatocystis  Candida. — S.  E.  Cook*  reports  a  case  in 
which  this  fungus  was  found  in  the  external  auditory  canal.  The 
author  claims  his  case  to  be  the  first  in  which  this  parasite  (Fig.  199) 
was  proved  to  be  the  cause  of  auditor}'  mycosis. 

♦  "Amer.  Med.,"  Dec.  5,  1903. 
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LARVM  IN  THE  AUDITORY  CANAL. 

Living  larvx  of  dipterous  insects  may  be  detettcd  in  the  human 
external  auditory  canal.  W.  E.  Baxter,*  in  addition  to  reporting 
a  case,  makes  reference  to  a  number  of  instances  where  such 
larvK  have  been  recovered  from  this  situation.  As  early  as  1871 
C.  J.  Blake  contributed  an  interesting  monograph  upon  this  sub- 
jecl,t  and  several  additional  reports 
of  the  recovery  of  living  larvae  from 
the  external  auditory  canal  have 
also  crept  into  the  literature, 
among  which  it  may  be  well  to 
make  special  mention  of  a  report 
by  C.  W.  Richardson-!  In  Rich- 
ardson's case  there  was  a  blood- 
stained purulent  discharge  from 
both  ears.  One  living  larva  of  a 
fly  was  removed  from  the  right 
external  auditory  canal;  and  from 
the  left  canal  two  Hving  worms 
were  rcmo\ed.  The  age  of  the 
child  from  whom  these  larvie  were 
removed  was  four  months. 


THE  EYE. 

In  health  the  secretion  of  the 
conjunctiva  concerns  us  but  little, 
although  when  studied  microscop- 
ically it  will  be  found  to  contain 
a  few  epithelial  cells  and  smalt 
corpuscles.  During  ihc  course  of 
inflammalor)-  processes  of  the  con- 
junctiva, on  the  other  hand,  the  secretion  may  be  greatly  in- 
creased and  may  at  times  become  purulent. 

Again,  it  may  remain  comparatively  clear,  although  it  contains 
a  profusion  of  bacteria. 

Gonorrheal  Conjunctivitis.— Early  during  the  course  of 
gonorrheal  conjunctivitis  a  variable  quantity  of  pus  may  be  seen 
exuding  from  between  the  folds  of  the  swollen  conjunctiva. 


A.  Penile  fayphu 
C.  Hfrigmala,  om 


•  ''Arch.  i.(  Olol,"  vol.  xn,  No.  1 

t  "Arcli.  Palh.  and  Olol,."  vol.  ii.  pp.  37-44.  No.  1 

i"An:h.of  Olol,,"  189s- vol.  »  '     '* 


ii.  pp.  37-44.  > 
av,  Nos.  i.  4. 


THE   EYE.  471 

Collect  a  small  drop  of  this  discharge  upon  a  platinum  needle 
or  upon  a  tooth-pick  and  smear  it  thinly  over  a  slide;  fix  the  speci- 
men by  passing  it  through  the  flame  of  a  Bunsen  burner,  and  then 
stain  for  the  gonococcus  (see  Gonorrhea^  page  494).  Early  during 
the  course  of  the  disease,  when  the  pus  is  profuse,  it  has  been 
my  experience  to  find  a  pure  culture  of  the  gonococcus;  but  after 
the  application  of  judicious  treatment,  especially  silver-nitrate  solu- 
tion, the  gonococci  lessen  in  number  and  at  times  other  bacteria 
(streptococci  and  staphylococci)  appear  in  the  discharge.  In  fact 
it  is  not  uncommon,  late  in  the  disease,  to  find  a  rather  large 
quantity  of  purulent  discharge  which,  upon  microscopic  examina- 
tion, is  found  free  from  bacteria. 

Gonorrheal  conjunctivitis  should  probably  be  considered  as  a 
variety  of  ophthalmia  neonatorum,  although  not  all  cases  of  this 
condition  are  found  to  be  due  to  infection  with  the  gonococcus. 
Indeed,  I  have  examined  the  pus  from  the  conjunctiva  of  a  number 
of  children  in  which  it  was  impossible  to  detect  gonococci. 

When  judicious  treatment  has  been  instituted  early,  it  may 
be  diflicult  to  detect  gonococci  in  the  discharge  after  the  fourth  or 
the  fifth  day  of  the  disease;  yet  the  exact  stage  at  which  gonococci 
disappear  from  the  pus  is  apparently  influenced  by  the  individual 
resistance  of  the  patient,  the  type  of  infection,  and  the  treat- 
ment. 

The  characteristic  feature  of  the  gonococcus  is  that  it  is  situated 
within  the  pus-cells  and  the  epithelium.  Early  in  the  course  of 
ophthalmia  many  extracellular  cocci  are  seen,  and,  in  fact,  these 
may  appear  in  rather  dense  aggregations,  resembling  the  staphy- 
lococcus (Plate  34).  The  appearance  of  the  streptococcus  or  of 
the  staphylococcus  in  the  pus  may  be  regarded  as  a  precursor 
of  the  disappearance  of  the  gonococcus. 

Keratitis. — In  cases  of  keratitis  various  micro-organisms  may 
be  detected  in  the  discharge  from  the  conjunctivae,  and  at  times 
the  same  organisms  are  recovered  from  the  nasal  passages.  The 
following  organisms  have  been  found  in  this  connection :  Staphy- 
lococci, streptococci,  Pfeififer's  capsulatcd  bacillus,  pneumococci. 
Bacillus  pyogenes  foetidus.  Bacillus  coli  communis,  the  Bacillus 
pyocyaneus,  diplobacillus,  ozena  bacillus,  influenza  bacillus,  and 
tubercle  bacillus.  Certain  fungi  are  also  to  be  found,  among  which 
the  Aspergillus  fumigatus  represents  the  one  of  pathologic  im- 
portance. UhthoflF  recovered  lepra  bacilli  from  the  conjunctiva 
in  a  case  of  leprosy,  and  Posey  found  the  same  organism  in  a  case 
of  leprosy  with  chronic  conjunctivitis.*  The  micro-organisms 
present  in  a  given  case  depend  upon  the  character  of  the  ulcer  in 

♦  "Jour.  Amer.  Med.  Ass.,"  Oct.  3,  1903. 
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thai  case;  a  sloughing  ulcer  may  resuU  from  ■one  or  many  bacteria. 
In  a  number  of  cases,  many  of  which  were  studied  at  the  Philj- 
delphia  Hospital  through  the  courtesy  of  Dr.  de  Schweiniii,  i 
found  that  mixed  infection  was  common.  Certain  of  the  ulcer; 
produced  a  discharge  which  contained  the  pneumococcus  unlv 
(Fig.  zoo);  other  discharges  contained  pneumococci  and  staphyi 
Dcocci;  while  a  third  series  displayed  streptococci  in  addition.  Al 
the  suggestion  of  Dr.  de  Schweinitz  cultures  and  smeare  were 
made  from  the  margins  and  also  from  the  centers  of  these  ulcere. 
At  times  the  marginal  culture  was  found  to  contain  only 
diplococci,  staphylococci,  or  streptococci,  while  near  the  center 
of  the  ulcer  more  than  one,  and  at  times  all,  of  these  oi;ganism> 
existed.     Occasionally  the  reverse  condition  was  found  to  exist- 


In  none  of  the  cases  studied  was  I  able  to  detect  the  pseudo 
diphtheria  bacillus. 

EpitheUal  cells  and  a  variable  amount  of  tissue  debris  are  to  tN 
found  in  the  scrapings  from  corneal  ulcers. 

Parasitic  Keratitis.^In  a  case  in  which  keratitis  was  compU- ' 
cated  by  hypopyon  a  keratotomy  released  a  foreign  body  which 
was  determined  to  be  Hypoderma  bovis,  larva  of  the  warble  fly.* 

Trematodes  of  the  Eye. — Thus  far  there  appear  to  be 
authentic  records  of  but  two  instances  where  trematodes  have 
invaded  the  human  eye.  These  parasites  have  been  referred  to 
under  a  variety  of  names,  and  from  the  number  of  references  to 
this  subject  one  might  at  first  glance  suppose  that  trematodes  were 
commonly  found  in  this  situation.  Stiles  has  discussed  at  length 
the  limited  importance  of  this  parasite  in  its  relation  lo  man,  and 
has  considered  the  trematodes  invading  the  eye  (Plate  32)  under 

•  "Hygeia,"  Sept.,  IQOl. 
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the  terms  Monostoraulum  lenlis  and  Agamodistomum  ophthal- 
mobium.* 

Keratomycosis. — According  to  Ball,t  less  than  a  dozen 
cases  of  this  affection  are  described  in  the  literature.  The  mycotic 
area  appears  as  small  black  bodies  within  the  substances  of  the 
cornea.  Upon  removal  from  the  comea  the  mass  may  be  crushed 
upon  a  slide,  a  drop  of  water  added  to  it,  and  the  specimen  brought 
into  focus  under  a  one-fourth  or  a  one-sixth  objective.  It  will  be 
found  to  consist  for  the  most  part  of  mycelial  threads,  a  few  of 
which  show  sporulalion  (sporangia),  spores,  and  a  variable  number 
of  pus-corpuscles  (Fig.  201).  This  fungus,  when  present  in  the 
black  bodies,  is  suggestive  of  Aspergillus  niger,  although  1  am 
not  aware  that  this  organism  is  commonly  the  cause  of  pathologic 


conditions.  On  the  other  hand,  the  Aspergillus  fumigatus,  which 
usually  produces  a  brownish  or  yellowish -green  growth,  is  highly 
pathologic  for  animals.     Osterroht  J  reports  a  similar  case. 

In  so  far  as  I  have  been  able  to  Icam  from  the  literature,  the 
organism  found  in  aspergillous  keratitis  is  probably  one  of  these 
fungi,  though  there  is  no  record  of  cultural  studies  of  this  parasite 
(see  Culture  oj  the  Aspergillus,  page  46q).  In  Ball's  cases  the 
black  masses  removed  from  the  comea  were  sectioned. 

Keratoconjunctivitis.— In  kcratoconjunclivitis  it  is  fair  to 
presume,  at  least,  that  the  same  etiologic  factors  that  have  been 

*  U.  S.  Di-partmeril  of  Agrk-ulluR-,  Burp.iu  of  Animal  Industrv,  Bullelin 
No.  35. 

f "AnuT-  Med.,"  Juty  6, 1901, p.31.    X  "  Bi-rlincr  klin.Wochcn.."  Feb.  13. 1505. 
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This  mass,  subsequently  becoming  calcified,  fonns  the  so-called 
"tear  stone."  In  in- 
stances in  which  the 
Kiebs-Loffler  bacillus  is 
found  in  the  scrapings 
and  in  ihe  cultures  from 
the  conjunctiva  the  con- 
dition should  be  regarded 
of  diphtheric  nature. 

Caution. — A  fact  ever 
to  be  borne  in  mind  is  that 
the  diphtheria  bacillus  is 
not  essential  to  the  pro- 
duction of  a  false  mem- 
brane. 

Trachoma.— In  tra- 
choma the  granuhir  lids 
have  not  been  proved  to 
be  due  to  the  diplococcus 
of  Sattler  or  of  Michel; 
"  neither  has  Ihe  trachoma- 
coccus  been  identified;  indeed,  some  observers  (Mutermilch) 
Noi&zewsky  has  described 
a  fungus  which,  in  many 
respects,  resembles  the 
Microsporon  furfur,  and 
has  found  this  organism 
pathologic  for  rabbits. 
Pfeiffer  has  described 
protozoon  in  connection 
with  trachoma,  but  the 
true  organism  upon  which 
this  disease  depends  is  not 
definitely  known. 

Acute  InfectiousCon- 
junctivitis.  —  Koch  has 
described  a  specific  ba- 
cillus which  he  found  com- 
monly associated  with  the 
conjunctival  secretion  in 
acute  infectious  conjunc- 
tivitis. Morax  has  also 
studied  this  organism  in  Europe,  as  well  as  a  diplococcus  (Fig. 
204).    It  has  been  extensively  studied  in  America  by  Dr.  Weeks, 


deny  its  existence"  (de  Schweinitz). 
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of  New  York.  According  lo  Koch's  description,  this  bacillus 
resembles  the-  organism  of  mouse  septicemia  in  certain  respects. 
It  measures  from  one  lo  two  /^  in  length  by  0.25  /i  in  breadth, 
and  stains  readily  with  the  ordinary  anilin  dyes.  The  Koch- 
Weeks'  bacillus  (Fig.  305)  grows  well  upon  the  addition  of 
bemo^obin  to  the  surface  of  the  culture- medium.  The  bacillus 
of  influenza  (Fig-  187)  has  been  suggested  as  being  identical 
with  this  organism.  At  limes  this  may  be  the  only  organism 
present  in  the  conjunctival  secretion,  although  il  is  commonly 
asaoctated  with  a  bacUlu.s  resembling  that  of  diphtheria  (xerosis 
bacillus).  It  has  been  claimed  by  Rimovitch  *  that  the  bacillus 
of  acute  infectious  conjunctintis  is  identical  with  the  influenza 
bacillus. 

Ptnuitic  Cysts.— The  small  hard  sacs  of  the  eyelids  have 
been  studied  by  Hunsche,t  who  found  that  omitting  young  chil- 
dren, in  whom  this  disease  is  not  usual,  92.5  per  cent,  of  cases  are 
due  to  the  Demodex  folliculorum,  a  minute  parasite  known  to 
infest  the  sebaceous  follicles  of  man  and  of  certain  animals. 
This  parasite  does  not,  as  a  rule,  exdte  appreciable  inflammation. 


CHAPTER  IX. 

SECRETION  OF  THE  GENITAL  ORGANS. 


The  ejaculated  secretion  of  the  male  organs  of  generation  is 
derived  from  a  number  of  sources:  the  testicle,  the  prostate  gland, 
the  seminal  vesicles,  Cowper's  glands,  and  the  glands  of  Littre. 
When  there  is  an  inflammatory  process  of  any  or  all  of  these 
glands  or  of  the  genital  mucosa,  the  secretion  may  present  features 
which  may  vary  according  to  the  pathologic  condition  present. 
Again,  a  disproportionate  activity  of  one  gland  or  set  of  glands 
often  results  in  an  abnormal  appearance  of  the  secretion. 

Method  of  Collection. — Direct  the  patient  to  prepare  a 
vaselin  bottle  which  is  provided  with  a  well-fitting  cork.  If  the 
semen  is  to  be  collected  at  the  time  of  sexual  intercourse,  the  penis 
should  be  withdrawn  just  before  ejaculation  and  the  semen 
allowed  to  escape  into  the  bottle.  The  bottle  should  be  corked 
tightly  and  kept  warm  (37°  C. — 98.6°  F.)  until  a  careful  study 
has  been  completed.  Semen  collected  after  masturbation  or  after 
an  involuntary  emission  is  equally  valuable  for  study.  When  it  is 
necessary  to  convey  the  semen  for  a  considerable  distance  I  have 
found  the  following  plan  to  serve  well  for  keeping  the  spermatozoa 
active:  Place  a  quantity  of  fresh  semen  in  a  bottle  two  inches 
long  by  one-half  inch  in  diameter  and  cork  tightly.  Attach  a 
string  of  sufficient  length  to  the  neck  of  this  bottle,  so  that  when 
suspended  from  a  button  on  the  trousers,  the  bottle  will  hang 
against  the  skin  of  the  inguinal  region.  In  this  way  the  semen  is 
kept  warm  and  may  be  carried  for  hours  without  the  spermatozoa 
losing  their  motility. 

Characteristics. — The  seminal  fluid  when  first  ejaculated  is 
a  thick,  white,  bluish-white,  or  yellowish,  opaque,  tenacious,  semi- 
gelatinous  fluid  of  an  alkaline  reaction.  Upon  standing  exposed 
to  the  air  it  soon  becomes  opaque  and  gives  off  a  characteristic 
sweetish  odor.  Fresh  semen  will  be  found  to  sink  when  placed  in 
water,  collecting  as  a  gelatinous  mass  at  the  bottom  of  the  vessel. 
When  shaken  with  water,  the  cellular  elements  are  found  to  be 
distorted. 
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Chemistry.— According   to  the  analysis  of  Vauquelin 
KoUicker,  mammalian  semen  is  composed  of  the  following: 


Water 

AJbuminouB  material  . 

Extraclivcs    

Ethereal  extract 

Mineral  substances... 


^ 


The  mineral  constituent  ordinarily  found  in  semen  is  calcium  1 
phosphate. 

Microscopic  Study. — Place  a  drop  of  the  semen  upon  a  slide 
and  permit  it  to  remain  exposed  to  the  air  for  a  short  lime;  then 
apply  a  cover-glass  and  examine  microscopically  for  the  so-called 
Charcot-Leyden  crj'stals  {Fig.  189).  Other  needle-like  crystals, 
which  are  probably  phosphates,  may  also  be  found.  Warm  a 
slide  to  body-tempcralure  and  place  a  drop  of  semen  upon  its 
center.  Repeat  the  wanning  process  from  time  to  time,  carrjing 
the  slide  to  the  microscope  between  each  heating  and  bringing  it 
into  focus  tmder  a  one-sixth  or  a  one-eighth  objective.  When  thus 
examined,  the  semen  will  be  seen  to  contain  many  actively  motile 
bodies  which,  upon  careful  focusing,  are  best  described  by  the 
accompanying  illustrations  (Plate  33). 

Spermatozoon. — The  male  cell,  or  spermatozoon,  is  of 
minute  size,  and  in  its  locomotive  energy  and  vitality  resembles  a 
flagellate  monad.  Anatomically  the  spermatozoon  is  a  true  cell; 
it  is  composed  of  a  head,  a  middle  piece,  and  a  tail  or  fiagelltim. 
The  head  of  the  spermatozoon  corresponds  to  the  nucleus  of  a 
somatic  cell,  and  is,  therefore,  composed  principally  of  chromatin. 
The  middle  piece  contains  the  centrosorac.  The  tail,  which  is 
actively  motile  in  the  living  cell,  contains  a  central  axial  filament. 
This  axial  filament  starts  from  ihe  cenlrosome  in  the  middle  piece 
and  runs  through  the  enlire  length  of  the  tail.  Human  spermato- 
zoa will  be  found  to  resemble  the  spermatozoa  of  certain  other 
mammals*  in  many  respects  (see  Plate  33,  in  which  a  comparative 
study  of  the  spermatozoa  of  man,  domestic  animals,  and  rodents 
is  illustrated). 

In  studying  Ihe  spermatozoa  of  the  mastiff  I  noticed  the  striking 
resemblance  they  bore  to  those  of  man.  I  also  found  that  if  the 
spermatic  fluid  were  allowed  to  stand  for  a  time,  even  staining  did 
not  furnish  sufficient  evidence  lo  enable  me  lo  distinguish  beyond 
question  the  spermatozoa  of  man  from  those  of  the  dog,  Only 
when  careful  measurements  were  employed  was  the  difTerenlial 
diagnosis  possible.  A  fact  ever  to  be  borne  in  mind  is  that  these 
♦Boston,  "Jour.  .App.  Mic,"  vol.  iv,  No.  7,  p.  1360.  Rochester,  N.  V. 
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measurements  may  vary  slightly  in  different  persons  and  in  ani- 
mals, and  even  in  spermatozoa  from  the  same  specimen  of  semen. 
In  this  connection  I  am  prompted  to  offer  the  following  table  of 
measurements,  obtained  by  personal  observations: 


SPERMATOZOA  OF  MAMMALS. 

Man. 

Total  length 0.051-0.058  mm.  (0.002  -0.0022 

Length,  head 0.004-0.006  mm.  (0.0001-0.0002 

Width,  head 0.003-0.004  mm.  (o.oooi-o.oooi 

Length,  tail 0.041-0.053  mm.  (0.0016-0.002 

Dog. 

Total  length 0.067-0.074  mm.  (0.0026-0.0028 

Length,  head 0.004-0.008  mm.  (0.0002-0.0003 

Width,  head 0.003-0.002  mm.  (0.0001-0.0001 

Length,  tail 0.059-0.067  mm.  (0.0023-0.0026 


n.) 

n.) 
n.) 
n.) 


n.) 
n.) 
n.) 
n.) 


Rabbit. 

Total  length 0.051-0.066  mm.  (0.002  -0.0025  in.) 

Length,  head 0.006-0.009  mm.  (0.0002-0.0003  *'*•) 

Width,  head 0.003-0.004  mm.  (0.0001-0.0001  in.) 

Length,  tail 0.045-0.058  mm.  (0.0017-0.0022  in.) 


Horse. 

Total  length 0.064-0.067  mm.  (0.0025-0.0026 

Length,  head 0.006-0.008  mm.  (0.0002-0.0003 

W'idth,  head 0.003-0.004  mm.  (0.0001-0.0001 

Length,  tail 0.054-0.06    mm.  (0.0021-0.0022 


n.) 
n.) 
n.) 
n.) 


Bull. 

Total  length 0.087-0.093  mm.  (0.0033-0.0036 

Length,  head o.ooQ-0.009  mm.  (0.0003-0.0003 

Width,  head 0.006-0.006  mm.  (0.0002-0.0002 

Length,  tail 0.077-0.083  mm.  (0.003  -0.0032 

Mouse. 

Total  length 0.12  -0.158  mm.  (0.0046-0.0061 

Length,  head 0.008-o.ooQ  mm.  (0.0003-0.0003 

Width,  head 0.003-0.004  mm.  (0.0001-0.0001 

Length,  tail o.i  12-0. 138  mm.  (0.0043-0.0057 


n.) 
n.) 

n.) 
n.) 


n.) 
n.) 
n.) 
n.) 


Sheep. 

Total  length 0.083  mm.  (0.0032 

length,  head    0.000  mm.  (0.0003 

Width,  head 0.006  mm.  (0.0002 

Length,  tail 0.074  mm.  (0.0028 


n.) 
n.) 
n.) 
n.) 


Cat. 

Total  lenifth 0.058-0.07  \  mm.  (0.0022-0.0028  in.) 

Length,  head 0.004-0.007  mm.  (o.ooi  -0.0002  in.) 

Width,  head 0.003-0.003  mm.  ( 0.000 i-o.cooi  in.) 

Length,  tail 0.053-0.066  mm.  (0.002  -0.0025  ^^')' 
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TotftI  length... 
Length,  head.. 
Lengih,  Tail 


Tolal  length... 
length,  head.. 
Width,  head... 
Length,  toil  . . . 


.  in.). 


Semen  also  contains  epithelial  cells,  hyaline  bodies,  and  a 
few  granular  bodies  which  are  not  unlike  starch-granules  in 
appearance.  Leukocytes  are  always  present,  and  a  few  re<I 
blood-cells  are  usually  demonstrable. 

Stain. — Spermatozoa  stain  readily  with  the  ordinary  anilin 
dyes. 

PATHOLOGY  OF  THE  SEHEN. 

In  this  country  a  careful  study  of  the  .semen  is  sadly  neglected, 
and  in  a  case  of  a  sterile  marriage  the  fault  is  usually  ascribed 
to  the  female.  According  to  Kehrer,  however,  spermatozoa  arc- 
absent  from  the  semen  in  40  per  cent,  of  the  cases  of  sterile  mar- 
riages (azoospcimism). 

My  own  experience  in  a  rather  large  number  of  cases  does  not 
accord  with  Kehrer's  findings,  aUhough  I  have  found  a  number  of 
instances  in  which  sterility  was  dependent  upon  some  pathologic 
stale  of  the  semen.  In  many  instances  no  spermalozoa  were 
present  (azoospcrmism ) ;  in  others  many  well-formed  spermatozoa 
were  found,  bul  they  were  devoid  of  motility;  and  in  a  third 
group  of  cases  the  heads  and  tails  of  the  sixrrmatozoa  were 
separated.  While  these  three  findings  have  been  common  in 
my  experience,  I  have  never  been  able  to  learn  from  the  genito- 
urinary specialist  upon  what  pathologic  conditions  these  changes 
depend.  Spermalozoa  are  absent  from  the  semen  during  con- 
valescence from  acute  febrile  conditions  (tj-phoid  fever),  and  in 
such  chronic  conditions  as  valvular  heart  disease,  severe  anemia, 
tuberculosis,  and  other  states  in  which  the  general  vitality  of  the 
individual  is  greatly  reduced.  In  a  number  of  cadawre  examined 
postmortem  I  was  unable  to  recover  spermalozoa  from  the  vas 
deferens. 

Bacteria-^The  semen  may  contain  the  gonococcus,  the 
Staphylococcus  pyogenes,  the  streptococcus,  and,  rarely,  the 
tubercle  bacillus. 
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VAGINAL  SECRETION. 

In  health  the  vaginal  secretion  is  scanty  in  amount — merely 
sufficient  to  keep  the  mucous  membrane  lubricated.  It  is  clear 
or  at  times  opalescent,  semiliquid,  and  is  composed  for  the  greater 
I)art  of  mucus  and  epithelial  debris.    It  is  acid  in  reaction. 


raO^OSCOPIC  STUDY. 

Microscopically  a  large  amount  of  cellular  dfl)ris  will  be 
found,  entangled  in  the  meshes  of  which  are  epithelial  cells, 
mononuclear  leukocytes  (large),  mucus-corpuscles,  and  bacteria. 

The  bacteria  to  be  found  in  the  vaginal  secretion  concern  us 
but  little,  since  a  profusion  of  micro-organisms  may  be  present 
without  causing  the  patient  any  inconvenience.  D6derlein 
regards  his  special  bacillus  as  the  only  organism  constantly 
present  in  the  normal  vaginal  secretion.  This  organism  pos- 
sesses the  faculty  of  inducing  a  marked  acid  fermentation  of 
sugar.  Doderlein's  claims  have  not  been  substantiated  by  the 
works  of  other  equally  careful  investigators  (Kronig  and  Menge). 
These  observers  have  found  cocci  and  bacilli  present  in  vaginal 
secretions  which  were  apparently  normal.  Such  organisms 
belong  to  a  class  of  anaerobes  known  to  be  non-pathogenic. 
It  will  be  found  that  a  variety  of  organisms  may  be  cultivated 
from  the  lower  portion  of  the  vagina,  while  an  entirely  different 
group  of  organisms  are  obtained  from  the  upper  portion  of  the 
canal  and  from  the  cervix  of  the  uterus. 

Collection. — Separate  the  labia  well  and  lift  a  small  amount 
of  the  secretion  by  means  of  a  platinum  needle.  Transfer  this 
to  the  center  of  a  clean  slide,  and  smear  thinly  over  the  surface 
of  this  slide  by  means  of  a  second  slide  (see  Blood- smears y  page 
35).  A  number  of  slides  may  be  prepared  in  this  way  by  the 
gynecologist  or  by  the  general  practitioner.  Place  the  specimen 
surface  of  slide  No.  i  up,  and  upon  it  place  two  bits  of  match- 
sticks.  Rest  the  second  slide,  specimen  surface  down,  upon  these 
sticks.  In  this  way  a  number  of  slides  may  be  piled  together  so 
as  to  prevent  the  specimens  from  touching.  The  slides  should 
be  wrapped  in  paper  and  sent  to  the  laboratory  for  exami- 
nation. When  it  is  desired  to  transfer  the  vaginal  secretion  to  the 
laboratory  in  liquid  form.  Dr.  W.  Easterly  Ashton  has  employed 
the  tubes  used  for  the  collection  of  blood  (Fig.  44).  A  small 
syringe  is  attached  to  one  end  of  the  capillary  glass  tube  by  means 
of  rubber  tubing.  The  free  end  of  the  capillary  glass  tube  is 
brought  in  contact  with  the  vaginal  secretion,  which  is  then  drawn 
31 
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into  the  tube  by  the  suclion  of  the  syringe.  Remove  the  rubber 
tubing  from  the  capillary  glass  lube,  and  pass  the  ends  of  the 
latter  through  the  flame  of  a  Bunsen  burner,  applying  sufficient 
heal  to  seal  it.  Place  in  a  test-tube  or  any  suitable  receptacle 
and  convey  to  ihe  laboratory. 

Fixing. — Fix  all  smears  of  vaginal  secretions  by  heat,  either 
by  passing  them  directly  through  the  flame  or  by  heating  at  a 
low  temperature  (60°  C. — 140"  F.)  for  twenty  minutes  or  more. 


NORMAL  AND  PATHOLOGIC  SECRETION. 

The  normal  vaginal  secretion  will  be  found  to  conlain  many 
cocci  and  baciUi,  none  of  which,  however,  are  pathogenic.  In 
many  normal  secretions  a  few  cocci  may  be  found  which  in  their 


bacilli  (ob].  Spcncrroiv- 


morphologic  and  staining  properties  are  practically  identical  with 
the  gonococcus,  yet  these  oi^anisms  have  not  the  power  to  exdie 
urethritis  in  the  male.  I  have  found  this  organism  in  normal 
vaginal  secretions,  but  have  never  found  it  within  the  protoplasm 
of  the  pus-celb  or  epithelial  cells  in  the  manner  characteristic 
of  the  gonococcus  (Fig.  ao6).  It  is  almost  impossible  to 
mistake  this  oi^nism  for  Ihe  gonococcus,  because  the  latter,  in 
a  case  of  acute  gonorrhea  before  treatment  has  been  instituted, 
always  occurs  in  great  numbers  and  pus-cells  are  often  seen 
which  contain  from  12  to  50  cocci  fPlate  34).  In  a  normal 
secretion  containing  innocent  cocci  I  have  never  found  the  pus- 
cells  and  the  leukocytes  invaded  lo  this  degree;  so  that  while 
the  cuhivation  of  the  gonococcus  is  often  recommended,  it  is  an 


NORMAL  AND  PATHOLOGIC   SECRETION.  483 

unnecessary  proceeding,  and,  in  addition,  is  most  impracticable. 
It  is  impossible  to  inoculate  animals  with  the  gonococcus. 

Gestation. — During  the  latter  months  of  gestation  it  is 
common  to  find  a  profusion  of  bacteria  in  the  vaginal  secretion — 
bacilli,  streptococci,  staphylococci,  and,  occasionally,  diplobacilli 
and  streptobacilli  are  to  be  seen.  In  a  series  of  experiments  con- 
ducted at  the  Philadelphia  Hospital  a  number  of  these  organisms 
were  isolated  from  the  vaginal  secretions  of  pregnant  women  and 
a  series  of  animal  inoculations  made.  I  was  unable,  however, 
to  produce  pathologic  lesions  with  these  bacteria.  Other  ob- 
servers have  found  that  bacteria  isolated  from  the  vaginal  secre- 
tions were  pathologic  for  animals  only  when  the  vitality  of  the 
animal  or  of  the  part  employed  for  inoculation  was  greatly 
reduced. 

Bactericidal  Properties. — Kronig  was  the  first  to  dem- 
onstrate conclusively  the  bactericidal  properties  of  the  vaginal 
secretion  by  placing  a  number  of  micro-organisms  within  the 
healthy  vagina  and  observing  carefully  at  what  length  of  time 
the  vaginal  secretion  was  capable  of  destroying  them.  Kr5nig 
found  that  it  was  impossible  to  recover  the  Bacillus  pyocyaneus 
in  from  ten  to  thirty  hours  after  its  introduction  into  the  vagina; 
the  Streptococcus  pyogenes  disappeared  after  six  hours;  and  the 
Staphylococcus  pyogenes  after  from  six  to  thirty-six  hours. 

Prompted  by  Kronig's  investigations,  I  began  a  series  of 
similar  investigations  at  the  Philadelphia  Hospital,*  and  through 
them  was  able  to  confirm  his  work.  More  attention  was  directed 
to  the  effect  of  vaginal  douches  in  the  removal  of  these  bacteria 
from  the  vaginal  secretion.  It  was  found  that  by  douching 
the  normal  secretion — "the  woman's  safeguard  against  puer- 
peral sepsis" — ^was  removed  and  that  the  micro-organisms  devel- 
oped more  rapidly.  Furthermore,  it  was  demonstrated  that  it  is 
impossible  to  remove  pathogenic  bacteria  from  the  vagina  by 
means  of  antiseptics,  but  that  they  were  always  destroyed  by  the 
normal  secretion  when  no  douche  was  employed.  A  number  of 
cases  of  gonorrhea  in  the  female  also  received  study,  and  it  was 
found  that  cervical  gonorrhea  did  not  develop  in  the  Philadelphia 
Hospital  when  the  woman  did  not  receive  douches.  On  the 
other  hand,  cervical  gonorrhea  and  pelvic  trouble  frequently 
followed  the  administration  of  douches. 

Gonorrhea. — Urethral  gonorrhea  appears  to  be  a  fairly 
common  condition,  but  vaginal  gonorrhea  must  certainly  be 
rare — thus  far  I  have  seen  but  a  single  case.  Pus  which  con- 
tained gonococci  has  been  obtained  from  the  cervix  uteri,  but  this 

♦  "N.  Y.  Med.  Jour.,"  June  10,  1899. 
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is  a  much  less  common  finding  than  we  are  led  to  believe.  The 
gonocDCCUS  when  present  in  the  vaginal,  urethral,  or  cerWcal 
secretion  or  in  pus,  is  detected  in  the  manner  described  for  the 
study  of  this  organism  (page  494J. 

Caution. — It  has  been  my  custom  to  teach  that  it  is  unsafe 
to  make  a  diagnosis  of  gonorrhea  in  a  female  after  puberty,  since 
many  other  bacteria  may  be  found  which  are  not  unlike  gonococci; 
and  in  view  of  the  great  importance  of  such  a  diagnosis  I  should 
be  inclined  to  rely  upon  the  cuhivalion  of  the  gonococcus,  although 
in  my  own  hands  even  this  has  not  been  satisfactory. 

Ulceration  of  the  Cervix. — In  cases  of  ulceration  of  the  cer\ix 
uteri  the  vaginal  secretion  usually  contains  a  number  of  bacteria, 
and  scrapings  from  the  ulcer  may  show  one  or  more  pathogenic 
organisms  to  be  present.  These  organisms  in  some  cases  are 
capable  of  producing  a  urethritis  in  a  male  who  is  exposed. 

Carcinoma  of  the  Cervix.— In  cases  in  which  there  is  a 
carcinomatous  erosion  of  any  portion  of  ihe  vaginal  canal  masses 
of  tissue  which  have  sloughed  may  at  times  be  recovered.  When 
studied  under  the  microscope,  these  masses  are  found  (o  be  quite 
characteristic  of  epithelial  growths.  Carcinoma,  however,  should 
be  diagnosed  after  a  section  of  the  growth  and  not  after  exami- 
nation of  mere  scrapings  from  the  ulcerated  surface. 

Diphtheria  and  Noma. — Diphtheria  of  the  vulva  is  certainly 
an  uncommon  condition,  and  yet  it  may  be  encountered.  We 
should,  therefore,  be  on  guard  for  such  a  condition  should  it  arise. 
The  fabe  membrane  resembles  that  seen  upon  the  other  mucous 
surfaces,  and  when  a  portion  of  it  is  removed,  spread  thinly 
upon  a  slide,  fi.xed  by  heat,  and  stained  for  five  minutes  with 
Lfiffler's  methylene- blue  solution,  it  will  be  found  to  contain  a 
varying  number  of  diphtheria  bacilli. 

Noma  may  at  limes  involve  the  vulva.  This  condition  is 
doubtless  parasitic,  and  since  the  finding  of  the  diphtheria  bacillus 
by  Sailer  *  in  noma  of  the  buccal  cavity,  the  scrapings  from  such 
ulcers  should  be  stained  for  this  organism. 

Animal  Parasites. — The  Trichomonas  vaginalis  is  com- 
monly seen  in  the  vaginal  secretion.  It  is  apparently  identical 
with  the  trichomonas  recovered  from  the  feces.  This  organism 
is  not  known  to  excite  pathologic  changes.  It  in  no  way  resem- 
bles the  spermatozoon  (see  page  478). 

Ozyurides. — The  vaginal  discharge  may  be  found  to  contain 
both  the  adult  oxyuris  and  its  ova,  either  of  which  are  readily 
detected  under  a  two-thirds  or  a  one-sixth  objective  (see  Ffcrs,  pa^J 
414). 

•  "  Phila.  Co.  Med.  Sot.,"  Nov.,  igoi,  p.  301. 
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MENSTRUAL  FLUID* 

At  the  outset  of  menstruation  the  fluid  is  mucoid  in  character, 
but  there  is  soon  an  admixture  of  red  blood-cells  until  these  cells 
so  predominate  that  they  determine  the  general  characters  of  the 
fluid.  With  the  decline  of  the  flow  the  red  cells  decrease  in  number 
and  the  leukocytes  make  up  the  majority  of  the  cellular  elements 
found  in  the  discharge.  Large  numbers  of  prismatic  epithelial 
cells,  showing  areas  of  fatty  degeneration  and  quantities  of  fatty 
debris,  are  also  found  at  this  stage  of  menstruation. 

Abortion. — Chorionic  villi  are  expelled  with  the  blood-clots 
after  an  abortion.  They  are  to  be  recognized  by  their  club-shaped 
extremities  and  by  their  epithelial  covering.  It  is  also  possible  in 
certain  instances  to  recover  decidual  cells  which  are  of  large  size 
and  may  assume  polygonal,  spindle-shaped,  or  imperfectly  rounded 
forms.  The  nuclei  of  these  cells  are  especially  conspicuous  on 
account  of  their  irregular  contour  and  large  size. 

Lochia. — During  the  first  twenty-four  hours  following  de- 
livery the  lochia  are  red  (lochia  rubra)  and  present  the  charac- 
teristic odor  of  blood.  The  discharge  is  composed  of  mucus, 
red  blood-cells,  leukocjrtes,  and  vaginal  epithelium.  During  the 
second  and  third  days  the  numbers  of  red  corpuscles  lessen 
greatly,  while  the  leukocytes  are  increased  in  number,  and  this 
increase  continues  day  by  day  until  the  secretion  becomes  grayish 
or  white  in  color. 

From  the  tenth  to  the  twelfth  day  the  discharge  becomes 
thicker,  presents  a  mucoid  appearance,  is  of  a  yellowish-white  or 
milk-white  color,  and  contains  bacteria,  among  which  strepto- 
cocci and  staphylococci  are  found.  It  is  to  be  borne  in  mind 
that  the  bacteria  found  in  the  discharge  at  this  time  are,  as  a  rule, 
slightly,  if  at  all,  pathogenic. 

Membranes. — ^The  retention  of  fetal  membranes  or  the  intro- 
duction of  pathogenic  bacteria  into  the  birth-canal  may  cause  a 
lessening  or,  at  times,  an  absence  of  the  lochia.  This  temporary 
decrease  is  followed  by  an  excessive  flow,  which  in  some  instances 
emits  a  decidedly  fetid  odor.  Portions  of  fetal  membranes  or  of 
placental  tissue  are  often  discharged  with  such  lochia. 

Vulvitis  and  Vaginitis. — In  inflammations  of  the  vulva  and 
vagina  there  is  a  marked  increase  in  the  secretion,  which  is  com- 
posed principally  of  leukocytes  and  epithelial  cells.  Variations 
in  the  character  of  these  cells  are  observed,  depending  upon  the 
portion  of  the  mucous  surface  from  which  they  are  derived.  Red 
blood-cells  are  also  present  when  the  inllammation  is  intense. 
Rarely,  indeed,  do  we  find  large  shreds  of  desquamated  epithelium 
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that  have  sloughed  from  the  vaginal  wall,  and  casts  of  the  vagina 
have  been  observed.  When  ulceration  occurs  and  even  in  some 
cases  of  non-ulcerative  vaginitis,  a  variable  amount  of  pus  is  pres- 
ent. Vaginovesical  or  vaginorectal  fistulae  may  permit  the  escape 
of  the  contents  of  the  bladder  or  of  the  rectum  into  the  vagina. 

Pruritus  Vulvae. — Seligmann  *  states  that  in  chronic  pruritus 
vulvae  he  has  found  a  diplococcus  constantly  present ;  and  that  the 
number  of  diplococci  found  are  in  direct  proportion  to  the 
degree  of  activity  of  the  pruritus.  Seligmann 's  diplococcus  closely 
resembles  the  gonococcus,  diflFering  from  this  organism  in  that 
it  stains  by  Gram's  method  and  that  it  possesses  decided  cultural 
characteristics  (see  Gonococcus ,  page  494).  The  diplococcus 
present  in  pruritus  vulvae  is  destroyed  by  a  10  per  cent,  solution  of 
guaiacol-vasogen. 

Membranous  Dysmenorrhea. — During  seizures  of  dys- 
menorrhea the  vaginal  secretion  is  found  to  contain,  in  addition 
to  blood,  many  shreds  of  desquamated  mucous  membrane,  and  I 
have  seen  a  complete  cast  of  the  uterine  cavity.  Portions  of  this 
membrane,  when  teased,  show  blood-cells,  epithelial  cells,  and 
debris.  A  far  more  satisfactory  method  of  study  is  to  treat  this 
membrane  by  employing  the  ordinary  methods  for  examining 
pathologic  tissues. 

Vaginal  Blennorrhea. — ^The  vaginal  secretion  is  increased 
during  sexual  excitement,  coitus,  for  some  hours  before  the  estab- 
lishment of  and  during  the  menstrual  period,  and  during  the 
latter  months  of  gestation,  at  which  time  a  profuse  creamy  dis- 
charge may  be  physiologic. 

Mycosis. — An  increased  vaginal  secretion  may  result  from  a 
catarrhal  process  or  it  may  be  due  in  part  to  the  existence  of  small 
mycotic  areas  situated  near  the  orifice  of  the  canal.  Scrapings 
from  these  mycotic  patches  will  be  found  to  contain  a  profusion 
of  bacteria  and  of  fungi.  Vaginal  blennorrhea  of  gonorrheal 
origin  has  not  been  considered  under  this  caption. 

Fungi. — The  thrush  fungus  is  rarely  found  in  the  vaginal 
secretions. 

*  "Deul.  mcd.  Woch.,"  Feb.  22,  1902. 


CHAPTER  X. 

TRANSUDATES  AND  EXUDATES. 

Fluid  may  be  effused  into  the  serous  cavities  of  the  body  as  the 
result  of  circulatory  embarrassment  (transudates)  or  of  inflamma- 
tory processes  (exudates).  During  health  these  serous  cavities  of 
the  body  contain  quantities  of  fluid  too  small  for  analytic  analysis. 
During  pathologic  processes,  on  the  other  hand,  fluid  may  accumu- 
late in  any  of  the  serous  sacs,  as  well  as  in  the  areolar  connective 
tissues  immediately  beneath  the  skin  and  between  the  muscles. 
When  such  conditions  are  the  result  of  circulatory  disturbances 
there  is  a  deficiency  in  the  elimination  of  water  by  the  kidneys 
and  the  retained  fluid  collects  in  the  serous  sacs  as  transudates. 
As  a  result  of  inflammatory  processes  of  the  serous  membrane 
there  is  a  similar  accumulation  of  fluid  in  the  serous  sacs,  and 
Such  collections  are  known  as  exudates.  These  two  conditions, 
while  they  are  widely  different  in  origin,  often  give  rise  to  the  samb 
clinical  manifestation,  so  that  at  times  it  is  difficult  to  decide  to 
which  class  a  given  fluid  belongs.  Again,  from  clinical  evidence 
alone,  ovarian  cysts,  hydatid  cysts,  and  cystic  kidneys  are  liable 
to  be  confused  with  ascites.  In  such  a  case  chemic  analysis  of 
the  fluid  may  be  the  only  means  of  deciding  the  diagnosis. 


TRANSUDATES. 

Transudates  are,  as  a  rule,  serous  in  character  and  of  a  straw 
color.  At  times,  however,  they  may  assume  a  sanguineous  ap- 
jDearance  from  the  admixture  of  blood,  and  in  rare  instances  they 
are  chylous.  Transudates  from  the  peritoneal  cavity  are  usu- 
ally of  low  specific  gravity,  ranging  between  1.005  ^.nd  1.015, 
which  is  somewhat  lower  than  that  of  the  exudate.  Pleural  transu- 
dates the  result  of  cardiac  disease  or  cirrhosis  of  the  liver  usuallv 
are  below  1.012  in  specific  gravity,  although  in  some  instances  they 
may  reach  1.015.  Pleural  effusions  due  to  inflammator}^  processes 
alone  usually  have  a  specific  gravity  between  i  .018  and  i  .030.  This 
range  of  sjx?cific  gravity  includes  that  of  those  effusions  composed 

of  pus.     This  variation  in  the  specific  gravity  probably  depends 
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largely  upon  the  albumins  present  in  ihe  fluid.    Uric  acid,  a  com- 
mon constituent  of  both  transudates  and  exudates,  is  most  abundant 
where  the  specific  gravity  is  high.     This  uric  acid  is  derived  from 
the  nuclein  of  the  corpuscles.     The  nitrogen  and  protcid  materials 
likewise  influence  ihe  specific  gravity.    Serum-albumin  and  serum- 
globulin   may  be   detected  in  either  an  exudate  or  a  transudate; 
'  in  the  former  they  may  constitute  from  3  to  5  per  cent,  of  the 
\  fluid;  while  in  the  latter  they  usually  constitute  between  0.5  and 
I  3-5  per  cent,  of  the  fluid.     Ruess  gives  the  following  table: 


i-ou »-s 


.-i.6 


Transudates,  when  allowed  to  stand  for  a  time,  do  not  coagulate 
spontaneously,  except  when  there  is  an  admixture  of  blood — a 
feature  which  often  serves  to  distinguish  them  from  exudates. 
Exhaustive  chemic  analyses  of  transudates  have  been  made  by 
Hopf)e-Seyler  and  Hammarsten, 


MICROSCOPIC  STUDY. 

In  the  micrascopic  study  of  transudates,  exudates,  cystic  fluid, 
and  even  mucopurulent  exudates  the  first  step  necessary  is  that 
the  fluid  be  coUected  in  the  proper  manner;  secondly,  that  its 
cellular  elements  be  thrown  down  in  the  form  of  a  sediment;  and 
lastly,  the  further  study  of  such  sediments. 

CoUection.^Whencver  practicable,  fluid  should  be  collected 
by  aspirating  the  sacs  in  which  it  is  contained,  then  permitting 
it  to  flow  into  a  sterilized  glass  bottle  or  into  test-tubes.  In  col- 
lecting fluid  from  the  pleura  it  is  always  necessary  to  employ  the 
special  apparatus  for  this  purpose;  after  which  ii  is  wefl  to  transfer 
some  of  the  fluid  to  sterile  lesl-tubes.  Cystic  and  abdominal 
fluid  may  be  allowed  to  flow  directly  into  the  icst-lubes  when 
collected  after  the  method  oullined  under  aspiration  of  the  menin- 
ges or  abdominal  cavity,  the  same  precautions  being  observed 
to  prevent  contaminnlion  of  the  fluid.  Whenever  it  is  possible, 
permit  a  portion  of  the  fluid  to  flow  directly  into  lest-tubes  con- 
taining culture-medium  {see  Meningeal  Fluid,  page  501). 
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Caution. — Far  more  clinical  evidence  is  to  be  obtained 
through  cultural  and  inoculation  studies  than  from  a  mere  micro- 
scopic study  of  either  transudates  or  exudates.  Fluid,  whenever 
obtained  from  a  serous  cavity,  should  in  addition  to  being  placed 
in  sterilized  tubes  be  kept  at  a  temperature  of  37°  C.  (98.6°  F.). 
Again,  cultures  should  be  made  within  a  few  hours  after  the  fluid 
is  removed  from  the  body. 

Sedimentation. — Fluids,  either  serous  or  other,  in  which 
there  are  but  few  cellular  elements,  are  best  studied  by  permitting 
them  to  stand  for  a  few  hours  in  order  that  a  precipitate  forms, 
and  in  case  this  be  copious,  further  sedimenting  is  not  required. 
The  precipitate  that  has  collected  at  the  bottom  of  the  fluid,  when 
but  slight,  should  be  lifted  by  means  of  a  pipet,  and  such  sedi- 
ments placed  in  a  tube  of  the  centrifuge.  Transfer  all  the  sedi- 
ments from  the  receptacle  to  the  tube,  and  then  add  sufficient 
of  the  liquid  portion  of  the  exudate  to  fill  the  tube;  place  in  the 
machine  and  centrifugalize  for  from  three  to  ten  minutes,  or  until 
an  appreciable  amount  of  sediment  has  collected  at  the  bottom  of 
the  tube. 

Lift  the  sediment  from  the  bottom  of  the  tube  into  a  small 
pipet,  and  place  a  small  drop  of  the  thickest  of  this  upon  the 
center  of  a  clean  slide.  Smear  this  drop  thinly  over  the  slide  by 
using  a  second  slide  (see  Method  oj  Making  Blood  Smears,  page 
35),  and  permit  to  dry  in  the  air. 

Fixing. — My  experience  has  been  that  the  best  results  are  to 
be  obtained  by  placing  such  films  of  the  sediment  upon  a  heated 
copper  plate  and  permitting  them  to  remain  at  the  proper  temper- 
ature— point  where  the  water  boils  when  dropped  upon  the  plate 
— ^for  from  one-half  to  one  hour  (see  Fixing  oj  Blood,  page  74). 
Fairly  good  results  are  to  be  obtained,  however,  by  placing  the 
slide  in  a  slide-forceps  and  passing  it  directly  through  the  flame 
several  times.  It  is  necessary  to  keep  the  slide  as  hot  as  it  can 
be  borne  to  touch  the  palmar  surface  of  the  hand  for  at  least 
three  minutes.  Whenever  feasible,  the  former  method  is  to  be 
employed. 

Staining. — At  least  one  specimen  film  from  the  sediment  of 
every  fluid  should  be  stained  for  the  tubercle  bacillus  (see  Sputum, 
page  438).  Stain  a  second  with  anilin-gentian-violet  and  continue 
with  Gram's  method  (see  Gonococcus,  page  494).  It  is  my  custom 
to  stain  a  third  slide  with  an  alcoholic  solution  of  eosin  for  one-half 
minute  and  Delafield's  hematoxylin  for  three  minutes;  and  one 
slide  with  a  saturated  alcoholic  solution  of  sudan  III  for  from 
one  to  three  minutes  for  the  detection  of  fats  which  are  stained 
a  pink  with  this  reagent;  a  knowledge  of  the  presence  of  fats  is 
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also  gained  by  staining  with  a  solution  of  osmic  acid,  which 
such  substances  black.     The  eosin  is  employed  for  the  detection  i 
cells  showing  eosinophilic  granules,  such  leukocytes  being 
common  in  pleural  and  peritoneal  fluids. 

CytodiagDOGis  consists  in  a  differential  study  of  the  cellular 
elemenls  found  in  such  fluids.  An  excess  of  lymphocytes  is  probably 
suggestive  of  tuberculosis;  while  a  preponderance  of  poKTiuclear 
cells  points  toward  suppurative  processes.  In  transudates,  endo- 
thelial cells  are  found  in  sheets  and  clusters.  In  cimcerous  in- 
volvement of  the  serous  surfaces  one  would  expect  to  find  many 
endothelial  cells  in  ihc  effusion  from  involved  sacs. 

Transuded  fluid  will  be  found  to  contain  a  few  leukocytes 
and  endothelial  cells,  many  of  which  show  evidence  of  fatly  degen- 
eration. In  ascitic  fluid  during  the  course  of  myelogenous 
leukemia  many  eosinophils  and  mast-cells  have  been  noted. 
In  cases  in  which  the  fluid  is  concealed  for  a  long  time  crystals  of 
cholesterin  and  Charcot- Leydcn  crystals  may  be  found,  the  former 
being  usually  found  in  hydrocele  fluids. 

Renal  Cysts.— The  fluid  of  hydronephrosis  is  readily  distin- 
guished from  transudate  fluid  by  both  chemic  and  microscopic 
study.  The  specimen  should  be  examined  at  once  for  urea,  and 
if  thai  substance  is  present  in  large  quantity,  an  opinion  as  to  its 
renal  origin  can  be  formed.  While  the  presence  of  urea  would 
ser\'e  to  distinguish  between  the  fluid  from  a  renal  cyst  and  ascites, 
it  does  not  serve  the  same  purpose  in  case  the  diagnosis  lies  be- 
tween an  ovarian  cyst  and  a  cyst  of  the  kidney.  Urea  is  at  limes 
present  in  the  fluid  of  the  former  in  fairly  large  amounts.  Uric 
acid  is  present  in  the  fluid  of  a  kidney  cyst,  but  it  may  too  be  found 
(traces)  in  the  fluid  from  an  ovarian  cyst.  The  presence  of 
epithelial  cells  from  the  urinifcrous  (ubules  is  regarded  by  some 
authors  as  distinctive,  but  personally  I  should  hesitate  to  make 
a  diagnosis  upon  such  a  finding. 

Ovarian  Cyst. — The  general  appearance  of  fluid  from  ovarian 
cysts  is  very  inconstant,  but  there  is  one  feature  which  scn-es  to 
distinguish  it  from  the  fluid  of  the  majority  of  cysts — its  high 
specific  gravity.  This  is  usually  above  i.oao,  1.023  If  ^-OJ? 
being  quite  common,  aUhough  I  have  seen  such  a  fluid  with  a 
specific  gravity  of  1.010.  The  fluid  from  an  ovarian  cyst  shows 
no  tendency  to  coagulate  and  is  of  an  alkaline  reaction. 

The  large  quantity  of  tissue  debris  present  is  rather  charac- 
teristic of  the  fluid  from  ovarian  cysts,  ahhough  this  finding  is  by 
no  means  reliable.  If  a  hemorrhage  has  occurred  within  the  cyst, 
the  general  findings  are  materially  altered,  and  the  fluid  may  be 
bloody  or  it  may  present  a  chocolate  color.     The  cellular  elements 
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also  may  be  distorted,  and  at  times  colloid-like  bodies  have  been 
detected  in  the  sediment.  These  colloid-like  bodies  are  said  to 
be  found  in  connection  with  colloid  cysts;  but  microscopic  exami- 
nation of  the  fluid  is  not  of  itself  a  reliable  means  of  determining 
the  variety  of  the  cyst.  The  fluid  from  an  ovarian  cyst  will  be 
found  to  contain,  in  addition  to  the  elements  just  named,  hair, 
crystals  of  hematoidin,  fat,  and  cholesterin.  Chemically  the  fluid 
from  ovarian  cysts  contains  a  variable  amount  of  albumin  and 
metalbumin. 

Metalbumin  Test. — Place  lo  c.c.  of  cystic  fluid  in  a  test-tube 
and  add  30  c.c.  of  alcohol;  shake  well  and  allow  to  stand  for 
twenty- four  hours;  filter,  squeeze  out  the  precipitate,  and  suspend 
it  in  water;  filter  again.  The  second  filtrate  is  opalescent,  becomes 
turbid  on  boiling,  but  does  not  form  a  distinct  precipitate.  Acetic 
acid  does  not  induce  a  precipitate,  while  acetic  acid  and  potassium 
ferrocyanid  produce  a  thick  yellowish  fluid.  Millon's  reagent 
gives  a  bluish-red  color  (see  page  217).  Concentrated  sulphuric 
acid  produces  a  violet  color,  as  does  glacial  acetic  acid.  According 
to  Huppert,  when  the  fluid  contains  metalbumin,  it  yields  a  re- 
ducing substance  when  boiled  with  sulphuric  acid.  Metalbumin 
is  also  a  constituent  of  other  pathologic  fluids. 

Hydatid  Cysts. — Fluid  obtained  by  paracentesis  from  a  hyda- 
tid cyst  is,  as  a  rule,  clear  and  of  an  alkaline  reaction,  and  has  a 
specific  gravity  of  1.004  to  i.oio.  Such  fluid  often  contains  a 
small  amount  of  grape-sugar  and  of  albumin,  and  a  larger  amount 
of  inorganic  salts.  Inosite  and  succinic  acid  are  occasionally 
formed. 

Hooklets. — The  characteristic  clinical  features  of  the  fluid 
from  a  hydatid  cyst  are  the  booklets,  the  scolices,  and  the  shreds 
of  faintly  yellow  membrane  (Figs.  122-125).  ^^^  inner  surface 
of  this  membrane  is  faintly  granular  and  shows  transverse  stria- 
tions.  The  individual  scolex  is  best  described  by  the  illustrations, 
as  are  also  the  echinococcic  hooklets.  It  is  to  be  borne  in  mind 
that  a  positive  diagnosis  of  hydatid  disease  is  attained  only 
through  the  detection  of  these  elements. 

Pancreatic  Cysts. — The  fluid  from  a  pancreatic  cyst  is  usually 
bloody.  It  varies  in  specific  gravity  from  i.oio  to  1.030.  Methe- 
moglobin  and  crystals  of  cholesterin  are  often  present.  The  chief 
proteid  is  serum-albumin.  Pancreatic  cyst-fluid  contains  a  dia- 
static  ferment,  though  this  is  not  a  feature  characteristic  of  the 
pancreatic  juice.  The  presence  of  the  reactions  for  maltose  in 
a  fluid  obtained  by  abdominal  puncture  is  always  strongly  sug- 
gestive of  cystic  disease  of  the  pancreas. 

Fistulous  Secretions. — The  secretion   from   any  abnormal 
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channel  varies  with  the  viscus  or  the  set  of  glands  that  the  fistula 
drains.  In  analyzing  such  secretions  it  is  necessary  to  examine 
them  for  the  various  body-fluids. 


EXUDATES. 

An  exudate  may  be  serous,  seropurulent,  chylous,  purulent, 
hemorrhagic,  or  putrid. 

SEROUS  EXUDATES. 

Exudates  composed  for  the  most  part  of  serum  are  clear,  pale, 
or  of  a  light  straw  color,  and  display  a  specific  gravity  not  greater 
than  1.008.  See  Specific  Gravity  of  Transudates,  p.  488.  When 
serous  exudates  are  permitted  to  stand,  they  develop  a  whitish 
color  and  more  or  less  fibrinous  coagula. 

Microscopically  such  exudates  may  contain  few  red  corpus- 
cles, polynuclear  leukocytes,  and  when  derived  from  the  serous 
sacs,  endothelial  cells  showing  areas  of  fatty  degeneration  are  to 
be  found. 

Generally  speaking,  exudates  display  a  higher  specific  gravity 
than  the  transudates,  and  when  there  has  been  added  to  a  serous 
exudate  a  variable  amount  of  fibrinous  material,  the  exudate  is 
referred  to  as  serofibrinous  in  character. 

Inoscopy. — This  method  for  the  study  of  inflammator)' 
exudates  recovered  from  the  serous  sacs  has  recently  been  de- 
scribed by  A.  Jousset,  and  consists  in  the  digestion  of  the  fibrinous 
coagula  of  such  fluids  with  the  following  fluid: 

Pepsin 2  gm. 

Glycerin lo  c.c. 

Hydrochloric  acid lo  c.c. 

Sodium  fluorid 3  gm. 

Distilled  water icxx)  c.c. 

The  digested  coagulum  is  now  sedimented,  and  such  sediment 
stained  and  examined  for  tubercle  bacilli.  Jousset  used  the  sedi- 
ment for  the  inoculation  of  animals.  It  is  claimed  for  inoscopy 
that  the  exudate  thus  treated  is  more  likely  to  excite  tuberculosis 
when  injected  into  animals  than  is  the  fresh  sediment  from  such 
exudates. 

SEROPURULENT  EXUDATES. 

The  term  seropurulent  is  employed  to  designate  an  exudate 
in  which  there  has  been  the  admixture  of  a  moderate  number  of 
leukocytes  and  pus-cells. 


PURULENT   EXUDATIONS.  493 

CHYLOUS  EXUDATES. 

Exudates  of  chylous  and  chyloid  fluids  are  to  be  found  in  the 
serous  sacs,  most  frequently  in  the  peritoneal  cavity,  and  less 
commonly  in  the  pleural  cavities;  they  have  been  found  in  the 
pericardium.  Chylous  exudates,  like  other  exudates,  will  be  found 
to  contain  sugar,  and,  as  a  rule,  more  than  a  mere  trace  is  to  be 
detected. 

Characteristics. — ^These  exudates  are  of  a  milky  appearance. 
When  they  are  chyloid,  they  bear  a  close  resemblance  to  pus. 
The  decided  turbidity  of  these  fluids  is  due  to  the  presence  of 
fat-globules,  as  is  shown  by  microscopic  examination.  I  have 
studied  two  cases  of  chylous  fluid  obtained  from  the  peritoneum 
in  which  no  chyle  was  present.*  It  has  been  shown  by  various 
obser\'ers  (Lion)  that  in  chyloid  fluids  the  turbidity  depends  upon 
the  presence  of  albuminous  substances  (nucleo-albumins),  and 
degenerated  epithelial  cells  may  account  in  part  for  the  turbidity 
of  chylous  exudates. 

For  distinctive  features  and  Clinical  Significance  oj  Chylous 
Exudates f  see  p.  537. 

HEMORRHAGIC  EXUDATES. 

A  hemorrhagic  exudate  is  essentially  serofibrinous;  it  differs 
from  that  commonly  known  as  serous  exudate  only  by  the  ad- 
mixture of  red  blood-cells.  Microscopically,  such  an  exudate 
will  be  found  to  contain  a  profusion  of  red  blood-cells,  poly- 
morphonuclear leukocytes,  a  few  endothelial  cells,  and  cholesterin 
crystals.  Hemorrhagic  exudates  collect  in  the  pleurae  and  in  the 
peritoneal  cavity  as  a  result  of  tuberculosis,  carcinoma,  sarcoma, 
and  cirrhosis  of  the  liver.     (See  Cytodiagnosis,  page  534.) 

PURULENT  EXUDATIONS. 

Pus  is  a  turbid  fluid  of  a  grayish-white  or  greenish-yellow  color 
and  of  an  alkaline  reaction.  It  varies  greatly  in  its  consistence 
and  specific  gravity.  When  spoken  of  as  an  exudate,  we  mean 
that  pus  has  accumulated  in  one  of  the  natural  cavities  of  the  body. 
Occasionally  we  refer  to  an  effusion  of  pus  in  the  tissues  (phleg- 
mon) ;  and  at  times  to  pus  secreted  from  the  free  surface  of  a  wound 
as  an  exudate. 

When  collected  in  a  conic  glass  and  allowed  to  stand  in  a  cool 

♦  "  Journ.  Amer.  Med.  Ass.,"  Feb.  18,  1905. 
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place,  pus  separates  into  two  layers — the  upper  layer  is  of  a  light- 
yctlow  color  and  of  a  watery  consistence,  while  the  lower  layer  is 
creamy,  opaque,  and  contains  the  pus-cells.  The  admixture  of 
blood  or  its  pigment  may  give  a  brownish  or  brownish-red  color 
to  the  latter  layer.  Putrid  pus  is,  as  a  rule,  liquid,  of  a  greenish 
or  brownish-red  color,  and  emits  a  decided  odor  of  mdol  and 
skatol. 

Microscopic  Study. — When  examined  under  the  microscope, 
pus  may  be  found  to  contain  crystals  of  cholcsterin,  hemaloidin, 
crystals  of  fatty  acids,  degenerated  leukocytes,  giant  pus- corpuscles, 
pus-cells  showing  deposits  of  fat,  red  blood-cells,  and  ddbris. 
Pus  thinly  smeared  upon  a  slide,  fixed  by  heat,  and  stained  with 
the  ordinary  anilin  dyes  will  be  found  to  contain  bacteria  in  the 
majority  of  instances,  but  occasionally  bacteria-free  pus  is  to  be 
encountered. 

Staining. — At  least  one  slide  from  all  specimens  of  pus  should 
be  stained  for  the  tubercle  bacillus.  Stain  for  twenly-four  hours 
with  a  weak  solution  of  carbolfuchsin  (see  Sputum,  page  438), 
since  this  organism  commonly  figures  in  the  production  of  sup- 
purative maladies.  Although  it  is  questionable  whether  or  not 
the  tubercle  bacillus  of  itself  is  capable  of  inducing  suppuration, 
experience  shows  that  it  is  often  associated  with  the  pus- 
producing  organisms.  Bacteria-free  pus,  when  obtained  from  a 
serous  cavity,  should  be  diluted,  say,  ten  lo  twenty  limes,  with 
sterile  water,  and  a  small  quantity  of  the  mixture  injected  into 
the  peritoneum  of  either  a  rabbit  or  a  guinea-pig.  In  this  way 
it  is  at  times  possible  to  establish  a  positive  diagnosis  when  the 
microscope  has  failed  to  detect  ihe  tubercle  bacillus. 

Gonorrhea.— Inflammatory  processes  of  the  male  urethra 
are,  as  a  rule,  of  bacterial  origin.  The  gonococcus  is  usually 
the  pioneer  infecting  organism,  which  by  its  development  reduces 
the  resisting  power  normally  present  in  the  urethral  mucosa,  thus 
rendering  this  surface  more  susceptible  to  the  development  of 
other  pathogenic  bacteria. 

A  few  drops  of  a  serous  exudate  may  escape  from  the  meatus 
before  the  characteristic  creamy  discharge  of  gonorrhea  is  ob- 
served. It  is  possible  to  make  a  diagnosis  of  gonorrhea  in  its 
earliest  manifestation  by  examining  cover-glass  preparations  of 
this  initial  serous  discharge. 

Microscopic  Study. — Direct  the  patient  not  to  void  urine 
for  one  or  more  hours  before  he  presents  himself  for  examination. 
When  he  is  seen,  have  him  pull  back  his  prepuce;  place  the  finger 
between  his  testicles,  and  then  gradually  draw  it  forward.  By 
this  means  pus  will  escape  from  the  meatus.    Touch  this  drop 


1.  Urethral  pus  sL-iined  by  Grain's  method;  note  gonococd  stained  brown  and 
stuated  in  pus-cells  and  epithelial  cells;  staphylococci  and  streptococci  slain 
violet  (obj.  B.  and  L.  one-t«-elfth  oil-immersion), 

2.  Urethral  pus  ciintaining  gonococci  and  stained  by  Small's  method  (obj.  B. 
and  L.  one-twelfth  oil-immcrsioo). 
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of  pus  with  a  tooth-pick  or  with  the  edge  of  a  slide  (see  Method 
of  Making  Smears ,  page  35),  and  smear  it  thinly  over  nearly 
the  entire  length  of  a  microscope  slide.  Fix  by  passing  it  through 
the  flame,  care  being  taken  lest  too  great  a  heat  be  applied. 

The  specimen  is  now  ready  for  staining  the  gonococci,  all 
of  which  stain  readily  by  any  of  the  anilin  dyes.  Eosinophilic 
leukocytes  are  often  present  in  gonorrheal  pus,  but  fhey  bear  no 
fixed  proportion  to  the  number  of  such  cells  found  in  the  blood. 
The  percentage  of  eosinophilic  cells  in  the  pus,  however,  is  not 
in  excess  of  the  percentage  found  in  the  blood  (see  Cyiodiagnosis, 
page  490).  Gonococci  are  seldom  found  within  the  eosinophilic 
cells.     Alast-cells  are  unusual. 

For  practical  laboratory  work  I  have  adopted  the  method 
devised  by  my  assistant.  Dr.  J.  Hamilton  Small,  and  I  have  found 
that  this  plan  of  staining  gives  as  satisfactory'  results  as  the  other 
more  complicated  methods. 

SmalVs  Method. — ^After  the  pus  has  been  smeared  and  fixed 
in  the  usual  manner,  proceed  as  follows: 

1.  Place  in  a  slide- forceps  and  stain  for  thirty  seconds  with 
a  2  per  cent,  aqueous  solution  of  methylene-blue. 

2.  Wash  in  a  10  per  cent,  solution  of  sodium  hydroxid. 

3.  Pour  off  the  sodium-hydroxid  solution  and  immediately 
follow  with  carbolfuchsin  (dilution  i-io),  and  allow  to  stain  for 
fifteen  seconds. 

4.  Wash  in  water,  dry,  and  mount. 

By  this  method  the  general  field  will  be  stained  pink;  the 
nuclei  of  the  leukocytes,  pus-cells,  and  epithelial  cells  are  stained 
a  dark  blue.  The  gonococcus  stains  a  brilliant  blue  (Plate  34), 
while  other  pus-producing  bacteria  stain  a  less  intense  blue. 

Methylene-blue, — Add  to  the  specimen  a  few  drops  of  an 
aqueous  solution  of  methylene-blue  (2  per  cent.),  and  allow  to 
stain  for  from  two  to  three  minutes  without  the  addition  of  heat. 
By  this  method  the  gonococcus  will  be  found  to  stain  a  deep 
blue,  while  the  pus-cells  and  the  epithelial  cells  are  less  intensely 
stained.  Other  bacteria,  such  as  the  staphylococcus  and  the 
streptococcus,  when  present,  are  also  stained,  but  the  staphylo- 
coccus is  seldom  arranged  within  the  bodies  of  the  pus-cells 
and  is,  therefore,  readily  differentiated  from  the  gonococcus. 
By  this  stain  it  is  not  possible  to  distinguish  the  gonococcus 
from  other  cocci  by  its  peculiar  diplococcus  (biscuit)  formation. 

Gram's  Method. — i.  To  a  fixed  specimen  of  urethral  pus 
add  a  few  drops  of  anilin-gentian- violet ;  heat  to  steaming,  and 
allow  to  stain  for  fifteen  seconds. 

2.  Wash  in  water,  and  without  drying — 
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3.  Acid  a  few  drops  of  Gram's  iodin  solution  and  permit 
remain  for  from  one  lo  two  minutes.  1 

4.  Wash  the  specimen  in  70  per  cent,  alcohol  until  but  a 
faint  violet  color  remains. 

5.  Stain  for  two  minutes  with  a  saturaled  alcoholic  solution 
of  Bismarck-brown.  Wash  in  water,  dry  in  the  air  or  by  heatingj 
gently,  mount  in  Canada  balsam,  and  examine  under  an  oiK 
immersion  objective. 

By  Gram's  method  the  gentian- violet  stains  all  bacteria  pres-" 
ent,  but  after  treatment  with  Gram's  solution  of  iodin  and  alcohol 
the  gonococcus  is  decolorized,  while  streptococci,  staphylococci, 
and  other  diplococci  remain  violet.  The  addition  of  a  second 
stain — Bismarck -brown — stains  the  previously  decolorized  gono-, 
coccus.  Thus,  by  this  method,  the  gonococcus  is  stained  a  lig^l 
brown,  while  other  pathogenic  bacteria  arc  stained  violet-  The 
nuclei  of  the  pus-ccUs  and  of  the  epithelial  cells  slain  a  mahogiaf, 
color,  while  the  bodies  of  these  cclb  stain  a  less  intense  brown.     | 

Streptococci. — In  a  few  instances  I  have  been  able  to  siudj 
urethral  pus  in  which  the  general  symptoms  resembled  those  n. 
gonorrhea,  except  that  the  urethritis  subsided  in  a  shorter  lim^ 
and  in  which  streptococci  only  were  present.  In  a  case  studied 
at  the  Medico- Chirurgical  Clinic,  through  the  courtesy  of  Dr« 
Leon  Gans,  I  was  able  to  obtain  streptococci  only  from  botW 
scrapings  and  cultures  made  from  a  small  cervical  ulcer  from  \hm 
woman  with  whom  the  patient  had  been  cohabiting.  Carefnll 
cultural  studies  of  the  streptococcus  obtained  from  the  cervix  anw 
that  obtained  from  the  urethral  pus  of  the  man  showed  thesm 
organisms  to  be  practically  identical.  Furlhennore,  inoculatioou 
showed  them  to  be  iiighly  pal^iogenic  for  animab.  This  patieim 
finally  developed  orchitis  involving  both  testicles.  | 

Streptococci  and  staphylococci  appear  in  ihe  urethral  dischain 
during  acute  gonorrhea  coincidentally  with  improvement  of  tba 
symptoms.  In  fact,  I  have  grown  to  regard  the  appearancs 
of  the  streptococcus  as  a  precursor  of  the  disappearance  of  ibfj 
gonococcus  from  the  urethral  pus.  Indeed,  it  is  rare  to  find 
gonococci  when  the  pus  contains  many  other  bacteria.  0« 
often  sees  specimens  of  urethral  pus  from  cases  of  chronic  ure- 
thritis in  which  streptococci,  staphylococci,  extracellular  dipkv 
cocci,  bacilli,  and  diplobacilii  are  to  be  found  in  great  numbenJ 
Occasionally,  in  such  specimens,  extracellular  diplococci  may  bt 
found,  the  staining  reaction  of  which,  by  Gram's  method,  Ij 
characteristic  of  the  gonococcus.  In  my  experience  these  organ 
isms  have  not  proved  to  be  gonococci,  and  I  do  not  recall  eva 
having  found  gonococci  when  the  above-named  organisms  wen 
numerous. 
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Urine. — It  is  impracticable  to  search  for  the  gonococcus  in 
urinary  sediments.  My  exijcrience  ciitTers  widely  from  that  of 
many  writers,  since  I  have  been  unable  to  recover  the  gonococcus 
from  this  source,  even  though  the  urinary  sediments  contained 
considerable  urethral  pus,  and  although  the  pus  collected  from 
the  urethra  showed  many  gonococci. 

Glanders. — In  the  cutaneous  form  of  glanders  pus  collected 
from  the  abscesses  will  be  found  to  contain  bacilli  known  to 
this  disease.  The  Bacillus  mallei  may  also  be  recovered  from 
the  nasal  secretions  and  from  the  blcxxl. 

Anthrax. — Pus  collected  from  the  abscesses  and  serum  from 
the  vesicles  of  anthrax  commonly  contain  many  large  segmented 
bacilli     (Fig.     207).       These 
bacilli  are  readilv  stained  bv 
the  anilin  dyes,  so  that  their 
detection  is  most  simple. 

Tetanus.  —  The  exudate 
from  the  initial  wound  of 
tetanus  is  often  found  to  con- 
tain manv  bacilli  clubbed  at 
one  extremitv. 

Detection. — Secure  scrap- 
ings from  the  wound  or  from 
the  tissues  immediatelv  sur- 
rounding  the  site  of  the  initial 
puncture,  smear  these  scrap- 
ings thinly  uix)n  a  cover-glass, 
fix  bv  heat,  and  stain  for  from 
one   to   two    minutes   with   a 

solution  of  carbolfuchsin,  or  with  a  2  per  cent,  aqueous  solution 
of  mcthvlene-blue. 

Leprosy. — Lepra  bacilli  are  often  to  be  found  in  the  exudates 
from  suppurative  surfaces.  They  are  also  to  be  detected  by 
incising  a  small  lepra  tubercle,  compressing  it  firmly,  and  smear- 
ing the  exudate  upon  a  slide  ^see  Staining  0]  Tubercle  BacilluSy 
page  438). 

Animal  Parasites. — The  Amceba  coli  (page  388),  Balaniidi- 
um  coli  (page  395),  and  certain  proiozixi  may  be  encountered  in 
purulent  exudates. 

Filaria. — The  Filaria  sangin'nis  hominis  may  collect  in  the  tissues 
and  produce  a  large  chylous  exudate  wliich  in  time  makes  its  way 
to  the  surface  and  appears  not  unlike  an  abscess  (see  Guinea-worm, 
page  149).  Living  filaria  are  occasionally  found  in  this  exudate. 
The  echinococcus  (page  404)  and  Schisto'^omii  JKematobium  (page 
32 


Fi>j.  207. — r..n.illu.s  of  anlhiax  in  bUxid  of  suf)- 
jfci  wlu>  <li«.(i  uf  iht:  disease  (Jakob). 
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395)  are  occasionally  seen  in  abscesses  of  the  liver,  lungs,  etc.,  and 
have  already  been  discussed  ai  Icnglh.  The  irypanosoma  may 
also  be  found  in  the  exudate 
recovered  from  ulcerating  sui^ 
faces  (see  Trypanosomiasis^ 
page    , 

Micrococci.  — P  u  s  from 
whatever  source  is  likely 
contain  cocci,  among  which  the 
Siroptococcus  pyogenes  (Fig. 
208),  ihe  Staphylococcus  pyo 
genes  (Fig.  acq),  the  pncumo-' 
coccus,  the  Diplococcus  intra- 
celiularis  (meningococcus)  (Fig. 
213),  the  gonococcus,  and  the 
Micrococcus  letragcnus  are  thC' 
most  common.  The  Bacillus 
pyocyaneus,  the  Bacillus  coU 
communis,  the  bacillus  of  Fried- 
lander,  are  also  frequently  found  in  pus,  and  it  is  the  rule  to  find 
many  other  bacteria  in  purulent  exudates,  the  characteristics  of- 
which  it  is  not  necessary  to  discuss  at  length.  (For  the  methods 
for  the  determination  of  questionable  organisms  recovered  from 
pus  the  reader  is  referred  to 
special  works  on  the  subject  of 
tracteriology.) 

Fungi.— Pus  resulting  from 
the  development  of  the  actino- 
myces  (Fig.  183)  is  occasionally 
to  be  recovered  from  abscesses 
in  various  portions  of  the  body. 
These  abscesses  develop  most 
often  in  the  structures  adjacent 
to  the  buccal  cavity,  and  ha\e 
also  been  described  in  relation 
with  the  genilo- urinary  tract  and 
the  serous  surfaces.  Van  der 
Veer  regards  thoracic,  pulmon- 
ary, and  abdominal  actinomy- 
cosis as  being  a  common  occur- 
rence, and  pus  from  the  thoracic  and  abdominal  regions  should 
always  be  examined  for  the  actinomyces.  Cutaneous  lesions  have 
occasionally  been  obser\'ed.  A.  Poncet  has  reported  in  deta3 
146  cases  of  actinomycosis  hominis  collected  from  the  various. 
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portions  of  France.  Erving  *  rcix)rts  six  cases,  and  in  addition 
reviews  the  literature  on  American  actinomycosis. 

Detection. — Pus  from  the  lesions  of  actinomycosis  usually 
contains  small  kernels  or  nodules.  Place  one  of  these  nodules 
upon  a  slide  and  crush  it  by  pressure  apfJied  to  a  heavy  cover- 
glass  or  a  scHTond  slide;  then  examine  the  sj)ecimen  (unstained) 
under  a  one-fourth  or  a  one-sixth  objective  for  the  presence  of  the 
ray-like  formation  of  the  fungus  (Fig.  183).  Actinomycotic  pus 
may  be  free  from  bacteria,  although  the  finding  of  cocci  and 
bacilli  in  such  pus  should  not  discourage  a  careful  search  for 
the  actinomvces. 

This  fungus  may  Ix*  cultivated  uiK)n  the  ordinary*  culture*- 
media  at  incubating  temjxTature,  yet  in  the  majority  of  instances 
cultural  studies  arc  not  re(juired.  During  my  service  at  the 
Philadelphia  Hospital  (1904)  1  studied  a  case  in  whose  sputum 
the  actinomyces  was  first  found  by  my  colleague,  Dr.  Rosenberger. 

*  **  Johns  Hopkins  Hosp.  Bui.,"  Nov.,  19021  p.  261. 
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CEREBROSPINAL  FLUID  AND  SYNOVIAL  FLUID. 
CEREBROSPINAL  FLUID. 

The  study  of  the  cerebrospinal  fluid  often  furnishes  valuable 
information  in  connection  with  both  cerebrospinal  affections  and 
in  differentiating  meningitis  from  other  conditions  closely  re- 
sembling it.  This  fluid  may  contain  animal  parasites  (sec  Try- 
panosomiasis, page  151). 

Collection  of  the  Fluid. — After  the  age  at  which  the  cranial 
bones  have  united  lumbar  puncture 
becomes  ncccssar\-  in  order  to  with- 
draw the  cerebrospinal  fluid;  but 
early  in  life  a  needle  may  be  thrust 
through  the  anterior  fontanel  and 
flu  d  withdrawn  from  the  lateral 
\  t  nlricles. 

Lumbar  Puncture. — Place  the 
patient  upon  his  side,  flex  the  f-u\K- 
n  r  thigh  upon  the  alxlomeii,  and 
then  cleanse  and  render  the  skin 
of  the  lower  thoracic  and  lumlxir 
Rgions  ase]Mic,  The  site  of  punc- 
ture should  be  on  a  level  with  thi- 
junction  of  the  third  and  founh 
lumbar  vertebra;  at  a  jx>int  one- 
half  inch  to  the  right  or  left,  ab(n\- 
Ike  median  iine,  depending  ujKm 
which  side  the  patient  is  lying  (Fig;. 
210,  211,  212).  Anesthetize  the  skin 
fi..m  :r  jiii.i  l..^l.t^ ,",.  m.^itiiVi'.M"  bv  spraving  with  ether.  Select  a 
rii™<"'Miii'ii'"'l'i.'.n'!.,l't""'':lMi'iX'i'lu!  small  ncerile,  from  four  to  six  inehej 
cc".-iKiiiiiv..,i.ii.  jjj  Ifngth,  with  which  to  make  the 

puncture,  since  it  is  often  more 
than  three  iiichrs  from  ilie  surfaa'  of  the  skin  to  the  spinal  canal. 
Place  the  index -Imger  (irmly  upon  the  needle,  as  a  guide  to  the  depth 
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of  ihc  puncture,  and  thrust  it  obliquely  through  the  tissues  at  such 
an  angle  that  the  point  of  the  needle  will  pass  between  the  kminx  of 
the  vertebra;.     It  is  not  necessan-  to  attach  a  syringe  to  the  needle, 


iKcauK-  the  spinal  fluid  will  escajx"  as  st 
the  (rnbnisuliarachnoid  s|kui'. 

.\U..w  a  f.w  drojw  of  the  llui.l  u>  ll.. 


iin  as  the  m-i'dle  enters 
V  (lireetlv  into  a  sterile 
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test-tube.  Thia  lubt  is  then  corked  and  placed  in  an  incu- 
bator at  a  temperature  of  37"  C.  (98.6°  F.).  It  is  well  to  make 
cultures  from  this  fluid  upon  Loffler's  blood-serum,  bouillon,  agar- 
agar,  and  glycerin-agar.  The  tubercle  bacillus  when  present  will 
develop  upon  the  glycerin-agar  within  from  ten  day's  to  two  weeks. 
The  Diplococcus  inlraccllularis,  the  pneumococcus,  and  the 
other  pathogenic  organisms  will  be  found  to  develop  appreciable 
growths  in  from  Iwenly-four  to  forty-eight  hours  wlien  kept  at 
37°  C.  (98.6=  F.). 

As  the  fluid  continues  to  flow  drop  by  drop  it  should  be  col- 
lected upon  several  clean  sUdes,  dried  in  the  air,  fixed  by  heat, 
and  stained.     {See  Cytologic  Study,  p.  53^-) 

Staining. — Cerebrospinal  fluid  should  always  be  stained 
for  the  tubercle  bacillus  {see  page  438)  by  Gram's  method 
for  the  detection  of  the 
Diplococcus  intracellu' 
laris,  and  also  to  determine 
whether  or  not  certain  ba- 
cilli present  are  decolor- 
ized through  this  method 
of  staining  (the  bacillus 
of  Friedlandcr  and 
colon  bacillus  decolorize). 
Slain  a  third  slide  with  a 
2  per  cent,  aqueous  solu- 
tion of  methylene-blue. 
The  same  routine  should 
be  followed  in  the  stain- 
ing of  bacteria  cultivated 
from  the  cerebrospinal 
fluid.  It  is  not  within 
the  scope  of  this  volume 
to  deal  with  the  culturd 
characteristics  of  the  dif- 
ferent bacteria  known  to  invade  the  meninges,  and  for  such  knowl- 
edge the  reader  is  referred  lo  si>ecial  works  on  bacteriology.  Micn>- 
scopically  the  normal  cerebrospinal  fluid  will  be  seen  to  contain 
a  few  leukocytes  and  a  small  amount  of  granular  matter;  but 
when  the  fluid  is  purulent,  it  differs  in  no  way  from  the  pus  found 
in  any  other  of  the  serous  sacs. 

Diplococcus  Intracellularis.— This  organism  was  first  de-- 
scribed  by  Weichsclbaum,  and  later  studied  at  length  by  Council-' 
man  and  Mallory  and  Wright  of  this  country.  It  is  generally 
conceded  to  be  the  exciting  cause  of  epidemic  meningitis.    The 


KCHl  pus  obtaln«d  by  lami 
epidemic  ccrcbrospiiuil  I 
delphiB  HotpilsL  (obj,  Sp« 
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characteristic  situation  of  this  diplococcus  is  within  the  bodies 
of  the  pus-cells  and  the  leukocytes,  but  many  extracellular  diplo- 
cocci  are  always  present  (Fig.  213).  The  situation  of  the  cocci 
within  the  pus-cells  and  the  fact  that  they  are  not  stained  by 
Gram's  method  are  features  displayed  by  the  Diplococcus 
intraccllularis  and  the  gonococcus.  The  diplococcus  of  men- 
ingitis, however,  grows  readily  upon  the  ordinan'  culture-media, 
and  this  sencs  to  distinguish  it  from  the  gonococcus,  which  is 
grown  upon  a  special  medium  only. 

Personally  1  have  recovered  from  the  meningeal  exudate  the 
Bacillus  tuberculosis,  the  colon  bacillus,  the  Streptococcus 
pyogenes,  the  Staphylococcus  pyogenes  albus,  the  Staphylo- 
coccus pyogenes  aureus,  the  pncumococcus,  and  the  Diplococcus 
intracellularis  meningitidis.  Other  observers  have  also  found 
the  Bacillus  meningitidis 
purulenta  and  the  typhoid 
bacillus.*  In  one  case 
studied  at  ihe  Philadel- 
phia Hospital  in  which 
meningitis  followed  puer- 
peral sepsis  I  recovered  a 
capsulated  bacillus  from 
boih  the  meninges  and 
the  uterine  cavity  at  post- 
mortem. The  bacilli  from 
both  sources  were  identical 
in  ever)'  respect  and  were 
highly  pathogenic  for 
guinea-pigs.  In  many  re- 
spects this  organism  re- 
sembled the  bacillus  of 
Fricdlander,  but  I  hesi- 
tate to  regard  it  as  that 
oi^anism,  since  in  certain 

cultural  studies  it  differed  widely  from  the  organism  described 
by  Friedlander.  In  a  second  case  I  recovered  the  Diplococcus 
intracellularis  from  the  meninges  antemortem  and  from  the  endo- 
cardium, the  pericardium,  and  a  myocardial  abscess  at  post- 
mortem. Through  the  courtesy  of  Dr.  J.  H.  Lloyd  a  case  was 
studied  in  which  the  meningeal  pus  contained  only  colon  bacilli. 

In  my  experience  it  has  been  rather  common  to  find  the  diplo- 
coccus of  pneumonia  in  assixriation  with  the  Diplor- ■'■'-"■  '"*™- 
•C.  Slraubli, '■ItfUl    Ar.hiv.  1   kliii   M.^1 
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cellularis;  and  when  this  condition  exists,  certain  of  the  diplococci 
are  not  decolorized  by  Gram's  method. 

Galdi  and  Appani*  have  found  a  large  amount  of  uric  acid 
in  purulent  cerebrospinal  fluids. 

For  cytologic  study  of  spinal  fluid  see  p.  538. 


SYNOVIAL  FLUID. 

The  study  of  the  fluid  from  the  serous  sacs  of  the  various 
articulations  may  provide   valuable  clinical  knowledge  in  many 
instances,  as  is  illustrated  by  the  fact  that  when  an  arthritis  is 
found  to  complicate   either  lobar  pneumonia  or  gonorrhea,  the 
specific  diplococcus  of  these  diseases  may  be  recovered  from  the 
synovial  fluid  of  the   infected   joints.     The   Diplococcus   intra- 
cellularis  is  sometimes  recovered   from  the   synovial  fluid,  and 
the  tubercle  bacillus,  which  is  known  to  invade  these  structures, 
may  be  found.     Following  traumatism  and  following  lacerated 
or  punctured  wounds  of  the  joint  regions  some  one  or  more  of  the 
pus-producing  organisms  may  be    recovered   from  the   synovial 
fluid  and  other  bacteria  may  also  be  found.     During  the  course 
of  scarlet  fever  and  of  rheumatism  bacteria  may  be  recovered 
from  the  joint  fluids  of  inflamed  joints.     Throughout  England 
and  America  the  belief  is  quite  strong  that  acute  articular  rheu- 
matism is  probably  excited  by  a  coccus — **  micrococcus  rheumat- 
icus/'     BealliCjt  after  a   series   of  experiments,   concludes   that 
the  ''micrococcus    rhcumaticus''  is   a   distinct   microbe,   and  an 
ctiologic  factor  in  acute  articular  rheumatism.     The  researches 
of  Cole,  Jachmann,  and  of  the  author  fail  to  conhrni  the  findings 
(»f  Hcattic,  since  micrococci  were  not  found  in  the  lluid  from  in- 
fected joints  or  in  the  blood  oi  j)ersons  sutTering  from  iicute  articu- 
lar rheumatism. 

Collection. — Tiie  skin  overlying  the  joint  should  be  .-crubled 
well  with  water  and  green  soap,  and  a  wet  mercury-bichl(»ri(l 
dressing  should  be  a])plied  for  a  few  hours.  It  is  my  custom 
to  wash  the  skin  surface  over  the  joint  with  ether  just  before  the 
puncture  is  made.  Then  determine  that  there  is  a  distinct 
fluctuation  over  the  joint,  and,  ])lacing  the  finger  about  one-half 
inch  from  the  point  of  a  previously  sterilized  needle,  plunge  it 
cjuickly  into  the  sac.  The  point  of  puncture  should  not  be  on  a 
level  with  the  articular  surfaces  of  the  bones,  but  at  least  one-half 
inch  from  the  joint  cavity,  m)  as  to  avoid  all  possibility  of  wound- 
in  l(  tlie  ariiculiir  cartikiLces. 

■■  "V>:'A.  M.l.  joMrn."  D-c.  ;,  1004       t  "  Rifornia  Mcil.."  Dec.  14,  1904. 
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The  technic  for  the  making  of  cultures  and  cover-glass  prepara- 
tions differs  in  no  way  from  that  described  in  the  chapter  devoted 
to  the  study  of  the  cerebrospinal  fluid  (page  500). 

Cultures. — In  certain  chronic  conditions  in  which  there  is 
an  accumulation  of  fluid  within  the  svnovial  sacs  this  fluid,  when 
smeared  thinly  upon  a  slide  and  stained,  will  be  found  free  from 
bacteria.  When,  however,  from  ten  to  thirty  drops  of  such  fluid 
are  added  to  from  150  to  500  c.c.  of  bouillon  and  placed  at  an 
incubating  temperature  for  forty-eight  hours,  a  certain  clouding 
of  the  bouillon  is  produced.  Bouchard  has  described  extremely 
minute  organisms  which  develop  from  the  fluid  obtained  from 
chronic  rheumatic  conditions.  Through  the  courtesy  of  the  late 
Dr.  Frederic  A.  Packard  I  was  privileged  to  repeat  these  in- 
vestigations during  my  term  of  service  at  the  Pennsylvania  Hospital. 
The  clouding  of  the  bouillon  described  by  Bouchard  was  obser\'ed 
in  every  instance,  but  I  was  unable  to  detect,  with  any  degree 
of  satisfaction,  the  miniature  cocci  to  which  this  author  has  re- 
ferred. I  am,  therefore,  inclined  to  regard  the  change  occurring 
in  the  bouillon  as  due  to  chemic  changes  rather  than  to  bacterial 
development. 
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Favus. — Honey-combed  ring-worm,  or  Tinea  favosa,  is  occa- 
sionally encountered  in  this  counlrv'  and  is  known  to  be  common 
throughout  Europe.  It  usually  aflfects  the  scalp  and  the  eye- 
brows; but  it  may  involve  the  face  and  other  portions  of  the 
body.  In  one  instance,  studied  at  the  Philadelphia  Hospital,  a 
case  in  which  the  patient's  entire  scalp  and  genitalia  had  been 
involved,  I  recovered  the  fungus  from  a  mycotic  patch  on  the 
tonsil. 

The  disease  is  due  to  the  infihration  of  the  epidermis  and 
hair-follicles  with  the  mycelium  and  spores  of  a  fungus  which 
is  usually  termed  Achorion  Schonleinii.  This  name,  according 
to  many  observers,  includes  several  species  of  the  fungus. 
During  the  past  three  years  live  cases  of  favus  have  been  treated 
at  the  dermatologic  clinic  of  the  Medico-Chirurgical  Hospital. 
In  all  these  cases  the  patients,  who  were  of  foreign  birth,  had 
probably  contracted  the  disease  before  emigrating  to  this  countr\'. 

Collection. — Remove  one  of  the  crust-like  masses,  cut  it  in 
half,  and  from  near  its  center  chip  out  a  small  ])ortion.  Place 
thi>  portion  of  the  mass  on  the  center  of  a  slide,  adcl  a  few  (ir()j).>. 
of  water,  and  crush  the  specimen  coni])letely.  X<>w  >|)read  the 
fra«^ments  in  a  lliin  laver  on  the  slide,  lix  i)V  heat,  ami  slain  l)v 
healinjj;  for  from  one  to  two  minutes  with  earhoh'ut  h>in;  wa>h 
in  water,  dry,  mount,  and  study  under  a  one  >i.\ili  objective. 
The  specimen  will  be  found  to  con>ist  almost  entirely  of  <^ranular 
debris,  i)iit  in  the  thin  portion*^  of  the  field  a  l\\v  im])erfectly 
formed,  oval  or  j)artially  rounded  bodies  may  br  >een,  as  well 
as  rihhon-like  .^ei^mented  chains  of  the  fiiiiLruN.  Thi'sc  ribbon- 
like  parii(les  imvcelia)  mav  be  the  onlv  findint:,  and  in  certain 
case-  they  will  be  seen  to  divide  die  hotoiiiou>ly ;  they  always 
show  di>tintt  >e.ixmentation,  and  are  -tirrounded  by  a  lii^dUer  area 
wilhin  whiili  the  ftim^us  stains  deei^lv.  Tluv  are  well  sirn  under 
an  oil  immersion  objc-ctive  i  Kii^.  2\^^.  Tlh-  funuais  i>^  stained  le» 
sali>fa(  torily   with   methylene  blue  and   the  other  anilin   dye>. 

A  hair  drawn  from  the  infected  area  >hoiil(l  be  j>laced  in  a 
10  ]Mr  (ent.   M)luiion  of  .Mxliuni   hydroxid   for  from   one  half  to 
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one  hour,  then  placed  on  a  slide,  flooded  with  water,  and  covered 
with  a  cover-glass.  By  careful  focus  under  a  one-sixth 
objective  it  is  at  limes  possible  to  detect  many  threads  and  ap- 
parent spores  of  the  fungus  within  the  sheath  of  the  hair-bulb. 
The  infection  of  the  hair  is  best  demonstrated,  however,  by  sec- 
tioning, and  without  such  treatment  1  have  found  it  difficult 
to  demonstrate  the  presence  of  the  fungus.  Favus  may,  in 
rare  instances,  involve  the  stomach-walls,  in  which  case  this 
fungus  may  be  found  in  the  gastric  secretion. 

Tinea  Tonsurans. — Tinea   tonsurans  is  one  of  the  most 
common  of  skin  conditions  in  which  clinical  laboratory  methods 


are  of  great  service.     The  exciting  cause  is  a  small-sirared  fungus, 
Trichophyton  microsporon  or  Microsporon  Audouini. 

Detection. — Remove  one  of  the  diseased  hairs,  which  will 
usually  be  found  to  vary  from  one-eighth  to  one-fourth  of  an  inch  in 
length,  place  the  hair-stump  and  root  in  a  solution  of  liquor 
potassx,  and  allow  to  soak  for  one  hour.  Place  the  hair  on  a 
slide,  flood  it  with  water,  and  examine  under  a  one-sixth  or  a 
one-eighth  objective.  The  hair  will  be  seen  to  be  ensheathed  by 
round  bodies,  which  vary  from  2  to  3  /*  in  diameter.  These  bodies 
are  closely  packed  together,  but  b\'  gently  pressing  a  cover-glass 
on  the  hair  they  may  be  separated  slightly;  by  rupturing  the 
sheath,  spores  may  be  forced  outside  of  the  hair.     Prolonged 


TINEA    BARB.£. 


509 


soaking  of  llie  hair  in  liquor  potassar  will  enable  one,  by  cart-ful 
focusing,  to  deteci  mycdia  surrounding  the  sheath  (Fig.  217). 

Tinea  Trichophyton  Endothriz. — The  spores  and  mycelia 
of  Tinea  trichophyton  endothrix  (Fig.  217),  as  well  as  of  Mcgalo- 
sporon  endothrix  and  Mcgalosporon  ectoihri.x  (^"ig.  217),  may  be 
detected  in  the  manner  described  under  Titira  tonsurans.  A  very 
small  percentage  of  cases  of  ring-worm  are  caused  by  the  latter  of 
these  parasites,  ami  the  fungus  is  commonly  limited  to  the  intra- 
follicular  regions,  though  rarely  mycelial  threads  extend  above 
this  portion. 

It  is  at  times  diflicult  to  differentiate  these  fungi,  and  person- 
ally I  believe  the  diagnosis  rests  largely  with  ihe  clinician.  Cultural 
studies  are  recommended  by  some  authors  as  giving  a  satisfactory 
method  of  distinguishing  the 
different  fungi  known  to  play 
the  part  of  the  exciting  cause 
of  the  ring-worm.  It  is  not 
uncommon  to  find,  in  con- 
junction with  ring- worm, 
small  pustules,  which  arc 
due  to  a  secondary'  infection 
with  pus-producing  organ- 
isms. 

Tinea  Circinata. — 
Patches  of  Tinea  circinata 
occur  over  the  body  in  more 
or  less  circular,  solid,  pale- 
red    blotches    covered    with 

branny  scales.   Remove  some       '^  "~"     ,""  '  '"I    ,~|1 
of  the  scales  and  also  extract 

a  few  hairs.     Thinly  smear  the  scales  upon  a  slide, 
and  examine  for  spores  and  mycelia  {Fig,  318). 

Tropic  Tinea. — Tropic  Tinea  circinata  may  occur  upon  any 
portion  of  the  body,  and  when  studied  microscopically,  this 
disease  will  be  found  to  be  pnKiuced  by  a  fungus,  as  indicated  by 
the  occurrence  of  many  mycelia. 

Tinea  Barb«.— Tinea  sycosis  (barber's  itch)  will  be  found, 
as  a  rule,  to  involve  only  the  bearded  porlion.s  of  the  body.  It 
usually  presents  a  folliculitis,  with  pusiuk-s  which  aa- distinguished 
from  the  coccogenic  form  of  sycosis  only  by  microscopic  study. 
According  to  Saboraud's  researches,  suppurating  Tinea  sycosis 
is  due  to  the  Trichophyton  megalosporon  ectotlirix  (Fig.  2iq,  a), 
which  Crocker  regards  as  an  animal  parasite.  The  parasite  sur- 
rounds the  hair,  as  do  the  parasites  in  the  other  forms  of  tinea 
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(tonsurans).  Remove  the  hair  from  the  infected  area,  treat  iC^— 
for  one  hour  with  liquor  potassx,  and  examine  it  under  a  ont-  — 
sixth  or  a  one-eighth  objective  for  segmented  chains  of  the  parasite.  — 
Mycotic  Dermatitis  .^3 
(Dhobie  Itch). —  Under  -« 
this  name  it  is  customary  ~%i 
to  include  a  number  (j  "i' 
varieties  of  erythema  known  M^ 
to  tropic  districts,  .\ccord-  — 
ing  to  Mason, "  dhobie  itch  "  * 
proper  is  induced  by  the 
Microsporon  minuttssi- 
mum;  but  recent  observers 
have  shown  that  many  of 
the  conditions  regarded  as 
dhobie  itch  result  from 
other  micro-organisms.  P. 
Fig.  aiq-fl,  Tinea  ta.Lrr;  *.Tinr=  tiuiis  (afitr  Manson  also  believes  that 
^'•■■•■:'"ii-  some  forms  of  the  disease 

are  produced  by  the  Micro- 
sporon  furfur   (Fig.   220,  a)   and  by  the   trichophyton.     Major 
Charles  F.  Mason*  writes  as  follows:  "There  are  at  least  three 
distinct  forms  of  skin  disease  occurring  in  the  regions  indicated 
which  aa'  commonly  known 
as  dhobie  itch :  two  of  them 
are   mycotic — those  due  to 
the  Microsporon  minutissi- 
mum    and    to    the    tricho- 
phyton,  and    one    is    bac- 
terial— pemphigus    conlag- 
iosiis."    These  parasites  are 
detected  after  the   manner 
given  for  the  Tinea  sycosis. 
Both  scrapings  and  cul- 
tures from  the  mycotic  areas 
arc  liable  to  show  bacteria, 
and  the  degree  of  irritation 
excited    by    their   develop-  fi 

ment  is   a    moot  question.      iSmi'. 
In     mycotic     dhobie     itch 
the  scrapings  from  the  festooned 
the    trichophyton,    "sometimes,   however, 
inflammation,  these  elements  cannot 
"N.  Y.  Med.  Jour.,"  Au] 
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Onychomycosis. — Onychomycosis  is  a  term  applied  to  a 
condilion  in  which  either  the  Trichophyton  endothrix  or  the 
Micr€)sporon  minutissimum  is  found  to  invade  the  nails  (Fig. 
J20,  b).  The  detection  of  the  parasite  in  the  nails  is  accomplished 
as  already  described. 

"Gayle." — "Gaylc"  is  a  variety  of  puerperal  sepsis  which 
atTects  ewes  during  the  lambing  season,  and  which  is  known 
among  sheep- breeders  as  a  ver\-  fatal  disease.  Persons  who  skin 
animals  dead  of  this  disease  are  hable  to  infect  their  hands.  The 
infection  first  produces  a  small  pimple,  which  soon  enlarges  and 
fills  with  bloody  serum.  Klein  *  has  obtained  from  these  blebs 
and  vesicles  an  oi^anism  which  he  found  to  be  the  exciting  cause 
of  the  infection,  to  which 
he  gave  the  name  "Staphy- 
lococcus haemorrhagicus." 

The    organism    produces  /  >^--!tf-^3^Bfe         \ 

hemorrhagic  edema  when  '■"'^ 

cultures  arc  injected  Into     /     ^^oV     .Jllto^'W\. 


animals. 
Tinea 


Versicolor.- 


Pil\riasiB   versicolor 
parasitic     disease     which 
usually  involves  the  skin 
of  the  trunk   and  chest, 
and    is    characterized   by 
patches  of  a  brown  color. 
The  detection  of  the  Micro- 
sporon    furfur  is   accom- 
plished    in    the     manner     ^„f,i^  i,';.,„-,\,  ..."-..i  ,„. '.,  '.'.....■,-'.: ' ...i^uWu, 
described     under     Tiwa     i»"t'  i"""  m-'i^V.  J  t-Lrci) 
tonsurans.     This   parasite 

is  one  of  the  most  characteristic  fungi  of  the  skin;  its  conidia 
arc  arranged  in  closely  crowded,  conic  aggregations  surrounded 
by  the  mycelia  fFig.  321).  These  conidia  are  larger,  as  a 
rule,  than  arc  those  of  the  other  forms  of  ring-worm.  The 
mycelia  are  short  and  often  unbranched;  they  may  show  seg- 
mentation    and    nuclei    at    n-gular    intervals.      Budding   is   not 


L 


Detection. — A  method  suggested  by  Crocker  is  to  place 
scrapings  from  the  patch  on  a  glass  slide,  wash  with  ether  to 
remove  the  fat,  and.  when  the  mass  is  spread  thinly,  flood  with 
liquor  jxitasste  and  examine  under  a  cover-glass  with  a  one-eighth 
or  a  one-twelfth  objective. 

•  ■'  Brit.  Med.  Jour.,"  ^\xg.  4,  i8q;.  p.  385. 
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Erythrasma.— Erylhrasma  is  a  vegetable  parasite  disease  M 
which  produces  brownish  patches  upon  the  skin. 

Pinta. — Pinta  is  a  tropic  vegetable  disease  causing  mycotic  ] 
growths  upon  ihc  skin.  Place  scrapings  from  one  of  the  mycotic  1 
areas  upon  a  slide,  treat  with  liquor  potassic  for  one-half  hour,  j 
and  examine  underacover-glass  with  a  rather  high-power  objective.  { 
Many  dichotomous  filaments,  which  arc,  as  a  rule,  fine  ai>d  1 
cylindric,  but  at  times  granular  and  beaded,  are  seen.  In  places  I 
the  mycclia  form  a  dense  net-work.  This  fungus  is  probably  I 
closely  allied  to  the  aspergillus. 

Blastomycetic  Dermatitis. — A  number  of  cases  of  this  J 
disease  have  appeared  in  the  United  Slates,  and  it  has  also  been  j 
observed  in  foreign  counlries. 

Detection. — Remove  a  bit  of  a  tissue  from  the  ad^-ancing 
margin  of  the  disease,  and  , 
macerate  for  twenty-firt 
minutes  in  a  solution  of  so- 
dium hydroxid  (25  per  cent.) 
in  order  to  destroy  the  blood- 
cells  and  bacteria.  Pus  takeaj 
from  the  small  absct 
should  be  treated  in  a  like 
manner.  A  precaution  which' 
I  should  strongly  advise  is  to 
treat  both  pus  and  tissue  with^ 
ether  in  order  to  remove  aS 
fals,  since  to  the  inexperienced 
eye  oil-globules  resemble 
yeast-celb  very  closely.  After 
treatment  with  sodium  hy- 
droxid solution  the  yeast -cells 
are  seen  as  highly  refracting 
bodies,  varying  from  5  to  20  /'  in  diameter  {Fig.  331).  CclU 
in  the  stage  of  budding  are  commonly  found.  A  one-sixih  or  & 
one-eighth  objective  will  be  found  most  serviceable  in  the  study  of 
this  fungus. 

A  i:losel_v  allied  fungous  disease  was  first  described  by  Wer- 
nicke in  i8go,  and  has  been  studied  by  Gilchrist,  of  Baltimore. 
Ophuls  and  Moffitt,  on  the  other  hand,  concluded  that  the  disease 
is  caused  by  a  fungus  which  closely  resembles  that  of  blasto- 
mycosis. Five  cases  of  generalizetl  blastomycosis  have  been  re- 
ported. The  parasite  has  been  found  in  pus  and  may  appear 
in  ihe  sputum  where  the  lungs  are  involved. 

Mycetoma. — Mycetoma    Is    a    fungus    growth    of   the   fool 
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known,  csixxiaily  in  {ropic  districts,  as  "Madura  foot."  V. 
Carter  detfcU-d  a  fungus  in  the  black  variety  of  this  disease 
("Chionyphe  Carleri"). 

Detection. — Secure  scrapings  or  a  [xjrtion  of  the  diseased 
tissue,  macerate  them  in  ether  for  twenty  minutes,  wash  in  sodium- 
hydro-xid  solution,  and  then  smear  u]K)n  a  slide.  Fix  by  heat, 
stain  with  one  of  the  ordinarj'  anilin  dyes,  wash  in  water,  and 
examine  under  a  one-sixth  or  one-eighth  objective.  The  fungus 
ap)x-ar»  not  unlike  that  of  actinomycosis,  and  displays  many 
small  round  bodies.  Mycelia  which  are  sometimes  clubtied 
may  Ix'  found. 

The  mycetoma  fundus  grows  cxtri'mely  slowly  in  a  hytlnigcn 
atmasi>hea',  on  a  sjK-cial  medium  cumixised  of  roo  jKirts  of  a 
2  per  cent,  infusion  of  hay 
or  |x)taio;  ij  jiarls  of  gi-la- 
tin;  4  parts  of  glycerin; 
and  4  l>arts  of  gra|X'- 
sugar.  [ioth  black  and 
white  fungi  arc  at  times 
R'Co\-ea'd.  An  exhaustive 
description  of  this  disease 
is  to  Ije  found  in  Manson's 
"Tropical  Diseases," 
third  edition,  page  680, 

Myiasis.— Myiasis  is 
a  disease  pnxluced  by  the 
screw-worm.  The  scr-w- 
worm   (Fig.    22.^)    is  the 

larva  of  a  dipterous  insect,  FiK,»j,v-S.rcw.«..rmr  A.FIv  thM.lr|>-'^i"lH-r 

Chrysi>myia  mascellaria,  rBijH',""i'r.rr'' "'"'"'  '  '  ""''  """""'  i""*"'" 
common  in   certain   jtor- 

lions  of  Africa  and  in  North  and  South  America.  The  adult 
female  (Fig.  223)  dc|H)sits  her  eggs  on  the  surface  of  a  wound, 
in  the  external  auditory  meatus,  and  in  the  nasal  fossie,  from 
which  o\"a  the  lar\a;  are  devclojx'd.  The  larva-  are  white,  fn)m 
one-half  in  three -(juarters  of  an  inch  in  length,  and  are  formed 
of  twelve  segments.  Each  larva  is  circled  with  a  si>iral-like 
spine  so  arrangc<i  as  to  give  the  jtarasite  a  scn'W-like  api»earance 
iFig.  22.0. 

Clinical  Location,— These  larviv  are  known  to  Ijurmw 
through  the  tissues,  destniying  the  mucous  membrane,  the  muscles, 
and  the  cartilages.  They  may  invade  the  serous  sacs  and  the 
bones,  jircHlucing  extensive  lesions.  The)'  hiiw  als<i  iK-en  re- 
coverc-d  from  the  interior  of  the  eve  and  the  c(iniiinctiv;e. 
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George  Gray*  has  reported  five  instances  in  which  the  larvie 
of  the  screw-worm  were  found  in  human  beings.  He  further 
stated  that  the  parasite  is  common  in  domestic  animab  and  that 
it  is  widely  distributed  throughout  America, 

Vera  Macaque. — Vera  Macaque  is  the  larva  of  an  American 
insect  (Dermalobia  cyanicenlris  v.  noxialis,  Fig.  224).  The  larva 
shows  many  circular  bands  from  which  extend  fine  spines- 
Impetigo  Contagiosa.— During  the  past  few  years  much  dis- 
cussion has  arisen  as  to  the  etiology  of  impetigo  contagiosa.  On 
account  of  its  prevalence  among  students,  it  has  acquired  the  names 
of  "foot-ball  impetigo"  and  "scrum-pox."  These  small  lesions, 
whether  vesicular  or  pustular,  are  due  to  inoculation  with  pus 
cocci,  which  arc  introduced  into  the  sujKTficial  layers  of  the  skin. 


Collection. — Collect  cither  the  pus  or  the  serum  directly  from 
one  of  the  lesions,  smear  it  thinly  upon  a  slide,  fix  by  heat,  and 
stain  with  carboUuchsin,  as  for  the  tubercle  bacillus,  counter- 
staining  with  Gabbctt's  acid  methylene-blue  solution.  The  usual 
findings  are  streptococci,  staphylococci,  and  diplococci.  The 
streptococci  are  usually  arranged  in  short  chains  of  from  four  to 
six  cocci  each,  although  longer  chains  arc  at  times  observed.  The 
clustere  of  staphylococci  are  almost  equally  common;  but  the 
diplococci  are  more  rare.  There  seems  to  be  a  diversity  of  opinion 
as  to  the  specific  organism  of  this  disease.  It  is  stated  thai  the 
impetigo  contagiosa  of  Tilbury  Fox  is  primarily  vesicular  and 
due  to  the  st  reptoctx-cus,  while  others  consider  it  due  to  a  specific 
micrococcus.  The  Staphylococcus  pyogenes  aureus  and  the 
•  "Bril.  Med.  JouTh"  Mar-  j8,  190,1. 
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Staphylococcus  pyogenes  albus  are  common  findings,  while  the 
streptococcus  of  Fehleisen  may  occasionally  be  recovered  from 
the  vesicles.  In  the  pustular  variety  and  also  in  the  vesicular 
form  a  mixed  infection  is  not  uncommon,  and  from  my  own 
observations  both  streptococci  and  staphylococci  seemed  to  be 
c:apable  of  exciting  the  disease. 

Erysipelas. — It  is  possible  to  recover  bacteria  from  the  serum 
crontained  in  the  blebs  of  erysipelas  and  also  from  the   blood 
exuding  through  minute  punctures  made  in  the  infected  areas. 
The  exudate,  pus,  and  blood,  when  smeared  on  a  slide,  fixed,  and 
stained  will,  in  the  majority  of  instances,  contain  streptococci;  and 
Fehleisen  has  described  a  special  streptococcus  which  he  regards 
as  the  cause  of  this  disease.    I  have  isolated  this  streptococcus 
from  a  number  of  cases  of  erysipelas,  and  have  succeeded  in  pro- 
ducing a  similar  condition  in  animals   by  inoculations.    The 
Staphylococcus   pyogenes   albus,    the    Staphylococcus   pyogenes 
aureus,  and  diplococci  may  also  be  found.     Pfahler  recovered  only 
diplococci  from  a  large  number  of  cases  of  erysipelas  which  he 
studied  at  the  Philadelphia  Hospital.    It  was  my  privilege  to 
examine  many  of  the  animals  inoculated  with  this  diplococcus, 
and  the  conditions  excited  by  it  were  apparently  identical  with 
those  caused  by  inoculation  with  the  Streptococcus  pyogenes  and 
the  Staphylococcus  pyogenes.    The  above-mentioned  bacteria  may 
be  cultivated  from  the  skin  overlying  the  erysipelatous  areas. 
From  a  series  of  inoculations  upon  animals  I  am  led  to  believe 
it  possible  for  erysip)elas  to  be  excited  by  any  one  or  several  of  the 
pus-producing  organisms.    The  tissue  changes  excited  by  the 
diplococcus,  the  Streptococcus  pyogenes,  and  the  staphylococcus 
were  apparently  identical. 

Eczema. — Probably  one  of  the  most  important  fields  in  which 
clinical  laboratory  studies  have  contributed  to  dermatologic  diag- 
nosis is  the  study  of  parasitic  eczema.  An  admirable  paper  upon 
this  subject  app)eared  from  the  pen  of  Professor  Jadassohn,  of 
Bera.*  Unna  has  long  claimed  that  certain  forms  of  eczema  are 
caused  by  a  micrococcus,  and  many  investigators  have  found 
staphylococci  in  the  lesions.  This  germ  is  not  only  associated 
with  the  impetiginous  variety  of  eczema,  but  also  with  simple 
forms.  By  cultural  studies  the  Staphylococcus  pyogenes  aureus, 
the  Staphylococcus  pyogenes  albus,  and,  in  some  instances,  the 
streptococcus  may  be  detected. 

While  subject  to  numerous  modifications,  eczema  appears  like 
any  ordinary  wound  infection;  and  since  it  is  a  disease  of  the 
derm,  it  is  most  likely  to  favor  the  development  of  the  bacteria 

♦  "Wien.  med.  Presse,"  Aug.  5,  1900. 
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known  to  inhabit  the  skin.  Unna  conducicd  cultural  studies  of 
several  cases,  with  the  recovery  of  the  following  organisms:  a 
staphylococcus  which  produced  a  white  growth — the  Staphylo* 
coccus  pyogenes  aureus;  the  Torula  alba,  and  the  Penicillium 
glaucum.  The  cultural  features  of  these  oi^anisms  have  been 
described  in  detail.*  In  view  of  fhe  fact  that  many  varieties  of 
bacteria  must  of  necessity  be  obtained  from  the  cutaneous  surface, 
it  is  difficult  to  show  conclusively  that  Uona's  coccus  of  eczema 
is  the  exciting  cause  of  the  disease;  and  while  it  or  some  other 
specific  organism  may  cause  the  initial  changes,  infection  with 
other  organisms  must  certainly  follow  before  the  disease  has  made 
much  progress. 

Conditions  of  Bacterial  Origin. — The  Slaphylococcus  pyo- 
genes aureus,  iiibus,  and  citreus  may  be  found  either  in  pure 
culture  or  in  conjunction  with  other  bacteria  in  the  fallowing  dis- 
eases, for  which  reason  it  has  been  deemed  unwise  to  give  the 
individual  cUnical  appearances!  Pemphigus  contagiosa  and  pem- 
phigus neonatorum;  dermatitis  papularis  capiUitii,  and  possibly 
other  forms  of  pustular  foUicuUtis;  Quinquaud's  folliculitis  decal- 
vans;  impetigo  of  Bockhart,  and  other  forms  of  impetigo  sycosis 
(coccogenic  and  lupoid);  boils,  carbuncles,  and  abscesses;  ery- 
sipelas, in  which  streptococci,  staphylococci,  diplococci,  Pfahlcr's 
diplococcus,  and  the  colon  bacillus  may  exist;  superficial  whidows; 
granuloma  pyogenicum,  and  acne. 

The  Streptococcus  pyogenes  and  the  Streptococcus  pyogenes 
of  Fehleisen  are  found  primarily  in  the  following  conditions:  super- 
ficial whitlows,  impetigo  contagiosa,  ecthyma,  erysipelas,  and 
erysipeloid  processes.  It  is  to  be  borne  in  mind  that  in  any  of 
these  cutaneous  lesions  a  mi.\ed  infection  is  common,  and  that 
baciUi  are  not  infrequently  detected  in  symbiosis  with  the  patho- 
genic cocci.  Furthermore,  the  lepra  bacillus,  the  tubercle  bacillus, 
and  the  bacteria  of  glanders,  which  have  been  considered  else- 
where in  this  volume,  may  also  be  recovered  from  the  individual 
lesions  of  these  diseases. 

Oriental  Sore— J.  H.  Wright  t  has  found  that  a  peculiar  para- 
site infests  the  tissues  in  tropical  ulcers.  There  is  yet  .■.omc  ques- 
tion as  lo  the  nature  of  these  bodies,  Christophers  suggests  the 
possibility  of  this  being  the  Leishman-Donovan  parasite  (see  page 
525.) 

•  "N.  Y    Med.  Jour.,"  Sept.  19,  igoo,  [>.  547- 
t  "Jour.  Med.  Research,"  1904.  p.  471. 


CHAPTER  XIII. 
MILK. 

The  mammary  secretion  may  be  obtained  from  the  breasts 
cDf  the  human  female  during  the  period  of  gestation  and  of  lactation. 
2t  usually  makes  its  appearance  in  the  mammary  gland  some  time 
after  the  third  month  of  pregnancy,  after  which  it  gradually  in- 
creases in  quantity,  reaching  its  maximum  about  three  days  after 
labor. 

COLOSTRUH. 
Colostrum    is   a   watery,   slightly   turbid    fluid,    which   may 
■be  expressed  from  the  breasts  during  the  period  of  gestation,  and, 

in  rare  instances,  is  to  be  ^-j— 

obtaint-d  independently  of  /"'^Id^  *'*• 

gestation   and  even   from  i  -     *« 

the  male  breast.  A  vari- 
able quantity  of  this  fluid 
is  always  secreted  during 
the  latter  half  of  gestation 
and  immediately  after  par- 
turition, when  it  may  be 
highly  tenacious,  resemb- 
ling mucilage,  and  may 
varx-  in  color  from  a  pale- 
gray  to  an  orange-yellow. 
DistinctiTe  Features. 
— The  features  that  dis- 
tinguish colostrum  from 
milk  are  the  color,  density, 
tenacity,  the  high  percent- 
age of  sugar  and    salts, 

and  the  property  of  the  former  of  coagulating  when  heated  to  the 
boiling-point.  According  to  Dunglison,  the  following  chemic 
differences  are  known  to  exist  between  colostrum  and  normal  milk : 
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According  to  repeated  analyses,  casein  does  not  appear  in 
colostrum  in  appreciable  amounts  until  after  parturition. 

Microscopy. — When  examined  microscopically,  colostrum 
will  be  found  to  be  composed  of  fat-droplets,  leukocytes,  epithelial 
cells,  and  the  so-called  colostrum  corpuscles.  The  fat-droplets  are  the 
principal  constituent  and  are  usually  quite  small.  The  colostrum 
corpuscles  are  highly  refractive,  granular  bodies,  which  vary 
greatly  in  size  and  are  composed  of  many  minute  fatty  granules 
(Fig.  225).  Fixed  specimens  of  colostrum  when  stained  with 
Sudan  III  or  with  osmic  acid  show  the  presence  of  fats. 


HUMAN  nmc 

The  quantity  of  milk  secreted  in  twenty-four  hours  varies 
between  500  and  1500  c.c.  It  is  usually  of  a  bluish  color,  alkaline 
reaction,  and  displays  a  specific  gravity  between  1.026  and  1.033 
(the  majority  of  specimens  are  near  1.030).  Milk  when  subjected 
to  a  microscopic  examination  will  be  found  to  be  a  fairly  homo- 
geneous emulsion  of  fat,  containing  but  few,  if  any,  cellular  ele- 
ments. Dunglison  gives  Simon  credit  for  the  following  table  of 
comparison :  * 


Water       .... 
Casein  ami  albumin 
Fat  (butter)      .     . 
Lactose    .... 
Inorganic  salts 


Human  Milk. 


Cow's  Milk. 


Variations.  !  Average. i  Variations.  I  Average, 
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2  45  I    3-3  *'     5  5         4  4 
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Goat, 
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Water       .... 
Casein  and  albumin 
Fat  (butter)      .     .    , 
Lactose     .... 
Inorj^anic  salts 


Skimmed 
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Buttermilk. 

Curd 

QI.O 

5Q-4 

3-7 
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0.8 

66.4 

3.8 

50 
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1-5 

Whey. 
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Certain  albumins,  such  as  casein,  lactoglobulin,  and  laclo- 
albumin,  are  found  in  milk.  There  are  certain  differences  between 
the  casein  of  human  milk  and  the  casein  of  cow's  milk:  first,  it 
will  be  noticed  that  the  casein  coagula  formed  in  human  milk  are 

♦Dunglison,  twenty-third  edition,  p.  712. 
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smaller  and  less  dense  than  are  those  seen  to  form  in  cow's  milk. 
Human  casein  is  precipitated  by  acids  and  salts,  but  it  is  less 
readily  precipitated  than  is  the  casein  from  cow's  milk.  Again, 
human  casein  may  not  coagulate  after  the  addition  of  a  rennet 
ferment.  Furthermore,  human  casein  is  precipitated  by  gastric 
juice,  an  excess  of  which  causes  dissolution.  Hammarsten,  in 
addition  to  the  above  points  of  difference,  states  that  the  two 
forms  are  not  identical;  but  for  practical  clinical  purposes  their 
differences  concern  us  but  little. 

Bacteria. — According  to  Welch,  normal  human  milk  is  likely 
to  become  contaminated  with  the  Staphylococcus  epidermidis 
albus  while  passing  from  the  acini  of  the  gland  through  the  lactifer- 
ous ducts  and  the  nipple.  It  is  to  be  borne  in  mind  that  this 
organism  is  constantly  present  in  the  skin,  but  that  it  is  by  no 
means  the  only  bacterium  common  to  cutaneous  surfaces  or  known 
to  invade  the  glandular  portions  of  the  skin;  it  appears,  however, 
to  be  the  only  organism  common  to  human  milk.  At  times  the 
Staphylococcus  pyogenes  aureus  may  be  found  in  human  milk. 

Pathologic  Milks. — Milk  obtained  from  nursing  women 
during  the  course  of  febrile  attacks  and  during  the  existence  of 
diseases  associated  with  emaciation  is  likely  to  be  deficient  in  fat 
and  in  lactose.  During  the  course  of  jaundice  biliary  pigments  of 
doubtful  authenticity  are  said  to  have  been  recovered.  In  cases 
of  malignant  tumor  of  the  mammary  gland  and  after  traumatism 
bloody  milk  has  been  observed.  Microscopically,  the  milk  ob- 
tained from  a  diseased  breast  is  likely  to  show  a  large  number  of 
leukocytes,  a  finding  most  marked  in  connection  with  mammary 
abscess.  A  number  of  pathologic  micro-organisms  may  invade  the 
mammar)'  secretion  during  disease* — e.  g,,  during  puerperal  fever 
streptococci  and  staphylococci  may  occasionally  be  found.  The 
pneumococcus  has  been  recovered  from  the  milk  of  nursing  women 
suffering  from  lobar  pneumonia,  and  in  one  instance,  a  case  studied 
at  the  Philadelphia  Hospital  through  the  courtesy  of  Dr.  George  I. 
McKelway,  I  recovered  a  pure  culture  of  the  pneumococcus  from 
the  milk.  In  a  second  case  studied  the  milk  obtained  from  a 
woman  suffering  from  typhoid  fever  gave  a  pure  culture  of  a 
bacillus  which  agglutinated  with  the  patient's  blocxl  (dilution  1-40) ; 
further  tests  for  the  Bacillus  typhosus  were  not  conducted.  The 
milk  of  women  suffering  from  typhoid  fever  will  be  found  to 
agglutinate  typhoid  bacilli  (see  Serum-diagnosis^  page  116). 

Tubercle  Bacilli. — Tubercle  bacilli  may  aj)pear  in  the  milk 
of  women  suffering  from  tuberculosis.  Roger  and  Garier* 
repoit  the  case  of  a  young  woman  who  was  suffering  from  both 

♦  "Scm.  Med.,'*  Feb.  2.^,  lyoo,  2ome  Anncc,  No.  9. 
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pulmonary  and  laryngeal  tuberculosis  and  who  died  seventeen 
days  after  delivery.  The  milk  was  found  to  contain  tubercle 
bacilli,  and  the  child  which  nourished  upon  the  breast-milk  for  a 
few  days  eventually  died  of  tuberculosis.  Subcutaneous  inocula- 
tion of  a  guinea-pig  was  also  fatal,  the  animal  developing  tubercu- 
losis which  terminated  fatally  thirty-three  days  after  inocula- 
tion.' 

The  milk  of  cows  may  be  colored  blue  or  green  by  the  Bacillus 
pyocyaneus;  and  it  appears  reasonable  that  this  organism  or 
any  other  chromogenic  bacterium  when  present  in  human  milk 
would  color  that  fluid. 

It  should  always  be  borne  in  mind  that  the  Micrococcus 
prodigiosus  and  the  Bacillus  prodigiosus  produce  a  decided  red 
growth,  and  that  when  the  former  of  these  organisms  develops  in 
milk,  that  fluid  is  liable  to  present  a  reddish  color  after  it  has  been 
allowed  to  stand  for  a  short  time  at  room-temperature. 

Detection  of  Bacteria* — Fill  one  tube  of  a  centrifuge  nearly 

to  its  top  with  the  suspected  milk,  and  fill  the 
other  tube  with  a  dilution  of  one  part  of  the 
suspected  milk  and  three  parts  of  sterile  water; 
centrifugalize  for  five  minutes;  then  pipet  the 
sediment  from  each  tube  and  place  it  upon 
separate  slides,  smear  thinly,  and  fix  by  heat. 
Stain  such  smears  with  a  2  per  cent,  aqueous 
solution  of  methylene-blue  and  with  carbolfuchsin 
and  Gabbctt's  solution  as  directed  for  determin- 
ing the  presence  of  tubercle  bacillus  (see  page 
4S8).  Both  cocci  and  bacilli  are  usuallv  found 
in  this  manner. 


SPECIFIC  GRAVITY. 

The  specific  gravity  of  milk  is  determined  by 
the  lactodensimeter  of  Quevenne.  The  instrument 
is  standardized  at  a  temperature  of  60°  F.  (Fig. 
226),  so  that  a  correction  of  the  reading  obtained 
at  any  higher  temperature  is  necessar}'.  The 
table  accompanying  each  instrument  should  be 
consuhcd  for  this  correction,  and  will  indicate  the  true  specific 
gravity  when  the  temperature  is  between  46°  and  75°  F.  This 
rather  tedious  process  is  readily  avoided  by  heating  the  specimen 
of  milk  to  a  temperature  of  60°  F.,  when  the  Quevenne  instrument 
will  register  accurately. 

Author's  Method. — The  method  I  employ  for  this  purpose 


Fi;^.  22<^>. — Oue- 
vcnrjc's  lacloclen- 
simctei. 


ESTIMATION   OF    FAT. 
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is  lo  place  a  thermomclcr  in  a  glass  jar  oimtaining  warm  water 
and  lo  conlinuc  adding  warm  waler  lo  ihis  jar  until  the  tempera- 
lure  of  the  water  reaches  60°  F.     The  milk 
is  then  placed  in  a  small  glass  cylinder  (Fig. 
2iy),  which,  with  lis  contained  milk,  is  stood 
in    the   warm    water.      The    thennomcter   is 
then    removed   from   the   water,   the   mercury 
shaken    down,    and    the    temperature   of  the 
milk  taken.     When  the  milk   reaches  60°  F., 
the   thermometer   is  removed   and   the  laclo- 
densimeter  introduced.     The   specific  Rravity 
is   read   from   the  graduation   on    the   instru- 
ment.    This  method  has   always  appealed  to 
me    as   most    practical,  and,  since  it  necessi- 
tates   but   little   extra   work   and   no   task   of 
memor)'  or    reference    to    tables,    I    think    Jt 
c3eser\es    recommendation    to    the   profession. 
It  is  difficult  to  believe   that   the   person   de-     ''*■  'S\7gS^.  """" 
signing   the    lactodcnsimeter    had   any   other 
idea  in  mind,    since    the    instrument    was   certainly  designed 
for    the    purpose    of    simplifying    laboratory 
methods. 

ESTIHAnON  OF  FAT. 

The  fat  present  in  a  given  specimen  of 
milk  is  most  conveniently  estimated  by  the 
lactoscope  designed  by  Feser  (Fig.  229).  Fill 
the  pipet  with  milk  to  the  mark  (M)  and  trans- 
fer this  quantity  of  milk  into  the  cylinder  (C). 
Then  attach  a  dropper  to  the  tube  at  (P) 
and  rinse  ihe  jiipct  thoroughly  by  forcing 
water  through  it,  adding  all  the  wash-water 
to  the  milk  in  the  cylinder.  The  milk  and 
wash- water  are  then  shaken  together,  and 
more   water  is   added    slowly    from    a    buret 

_ _';     until  the  black  lines  on  the  glass  plug  (A)  at 

^^imiibf^'ar'dil'.e  ^'^^  botlom  of  the  Cylinder  become  discernible. 
(raduiiHi  to  give  Mr-  Thc  cvUnder  is  then  held  in  a  good  light  in 
iccoTaTnK  lo  111'  t-'fl-  order  to  \iew  Ihe  graduated  scales  upon  its 
iqMbod.  veiyuKfuifor  Hghl  and  left  margins.  The  point  on  the  right 
t™i "miiii  iraiiysfi.  "  scalc  to  which  the  mixture  extends  indi- 
cates the  percentage  amount  of  fat  present; 
while  the  point  on  the  left  scale  represents  the  amount  of 
water  in  cubic  centimeters  that  has  been  added. 


All-imporlant  in  the  use  of  this  instrument  is  that  both  the 
cylinder  and  the  pipet  be  thoroughly  cleansed 
after  use. 


I 


ESTIMATION  OF  PROTEIDS. 
Woodward's  Method.— Two  milk  burets 
are  necessary  for  this  purpose.  In  each 
of  these  burets  $  c.c.  of  the  milk  to  be  anal- 
yzed are  placed  and  the  burets  kept  at  a 
temperature  of  from  37"  to  40°  C.  (98.6"  to  104° 
F.)  for  from  eighteen  lo  twenty-four  hours.  At 
the  end  of  this  time  the  milk  will  be  found  lo 
have  separated  into  two  layers:  the  superior 
layer  is  composed  of  a  viscid,  yellowish  fal, 
while  the  inferior  layer  is  composed  of  a  more 
or  less  markedly  opalescent  fluid.  A  granular 
precipitate  may  also  be  seen  at  the  boUom  of 
the  buret  and  clinging  to  the  sides  of  the  instru- 
ment. Now  place  both  burets  in  a  cool  place 
and  withdraw  the  milk-serum  (inferior  layer) 
from  each  buret  into  a  separate  lube  gradu- 
ated lo  15  c.c,  and  add  Esbach's  reagent 
(picric  acid,  10  grams;  citric  acid,  20  grams; 
water,  1000  c.c.)  to  the  ij-cc.  mark.  Stir 
the  mixture  in  each  tube  thoroughly  by  means 
of  a  glass  rod,  and  ccntrifugalize  lo  a  constant  reading. 


ADDENDA. 


BLOOD. 

TORKRITIZATION. 

A  clinical  instrument  introduced  by  H.  E.  Wetherill  in  1894, 
d  has  been  in  use  in  my  laborator)'  during  the  past  few  months, 
liis  unique  and  practical  apparatus  consists  of  a  metal  armature 
liich  is  provided  with  two  receptacles  for  the  tubes.  This  arma- 
re  is  revolved  upon  a  twisted  cord  (Fig.  230),  and  speed  dejxinds 


Fig.  230.— Wcthci ill's  torkrit. 


directly  upon  the  length  of  the  cord  and  the  number  of  pulls  per 
second.  Wetherill  claims  that  a  speed  of  25,000  revolutions  a 
minute  is  readily  obtained,  and  that  the  exact  rate  of  speed  is  of 
little  consequence  since  it  is  already  too  high  to  permit  of  error 
(see  Tarfugatiofif  p.  528). 


BIFFS  HEMOGELOMETER. 


A  test-tube,  25  centimeters  long  and  4  centimeters  wide,  is 
filled  to  one-half  its  depth  with  water.  Provide  this  tube  with 
a  cork  stopper  containing  two  openings.  Through  one  opening 
a  thermometer  passes  and  through  the  other  a  glass  rod,  at  one 


523 


524  ADDENDA. 

extremity  of  which  is  a.  platinum  wire  coiled  so  as  to  form         '^'^ 
loops,  three  millimeters  in  diameter,  the  one  above  the  other. 

Heat  (he  water  to  68"  to  70°  Fahr.  Fill  each  loop  by  toi^i"  '^ 
ing  it  to  the  summit  of  a  drop  of  blood,  and  in  from  ihrt-e  to  Bt  °^^ 
minutes  later  place  the  glass  rod  into  the  cork  and  submerge  ; 
lower  drop  of  blood,  when,  should  it  be  diffused  into  the  war^*"  '^^' 
continue  to  immerse  the  successive  loops  at  intervals  until  c*^^^*"'^ 
of  them  is  not  dilTused.  Note  the  coagulation  time.  The  tii  *"-""' 
required  for  normal  blood  is  from  seven  to  ten  minutes. 


WETHERIIX'S  ANTE-HORTEH  BLOOD  COLORS. 

This  color-scale  is  a  most  ingenious  one,  and  is  doubtless  a 
accurate  test  for  the  percentage  of  oxyhemoglobin  (Fig.  231).     tJR 
approximates  more  closely  the  color  of  the  blood  than  any  othe-*"  1 


printed  scale  I  have  been  privileged  to  examine, 
for  its  employment  is  given  in  each  booklet. 

Wetherill's  booklet  also  contains  color-scales  for  postmorteni 
blood,  urine,  moisture  (degree  of  perspiration),  and  for  the  feces. 


POLYGLOBULU. 

This  is  a  condition  showing,  in  addition  to  polycvt hernia, 
cyanosis  and  enlargement  of  the  spleen  (usually  tubercular). 
Vaquez  was  the  one  first  to  give  an  accurate  clinical  picture  of 
this  chronic  condition,  and  at  present  reports  of  ,^o  cases  hatvc 
appeared   in   the  literature.* 
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The  red  blood-cclb  may  reach  9,000,000  to  12,000,000  per 
c.mm.  When  leukocytosis  exists  it  concerns  the  polynuclear  celb 
chiefly.  At  times  mast  cells  are  common  and  eosinophilia  may  be 
present.  .\s  a  rule,  there  is  an  excess  of  hemoglobin,  but  in  a 
few  instances  the  hemoglobin  was  below  the  normal.  The  specific 
gravity  is  increased  and  has  reached  1.080. 

nCKER'S  TYPHOID  REACTION. 

This  reaction  depends  upon  the  clumping  of  dead  typhoid 
bacilli.  Three  small  tubes  are  partially  filled  with  a  fixed  quantity 
of  bouillon  culture. 

Method. — Examine  each  tube  to  determine  that  the  serum 
it  contains  is  slightly  cloudy,  due  to  bacilli  in  suspension.  To 
the  first  tube  add  a  certain  quantity  of  blood-serum  (dilution  1-5); 
to  the  second  add  the  same  quantity  of  dilute  serum  (i-io). 
The  third  tube  is  used  as  a  control.  The  reaction  consists  in  a 
clearing  of  the  liquid  and  the  formation  of  a  precipitate  in  tubes 
one  and  two,  while  tube  three  remains  unchanged. 

LEISHHAN-DONOVAN  BODY. 

A  questionable  pai:asite  first  well  described  by  Surgeon  Leish- 
man  and  later  detected  in  persons  suffering  with  **dum-dum" 
fever,  kala-azar,  Delhi  sore,  and  tropical  anemia  by  Donovan, 
Jas.  H.  Wright  and  others. 

The  Parasite. — As  generally  seen  it  is  of  an  elliptic  shape, 
varying  from  ij  to  4  microns  in  length  by  from  i.J  to  2  microns  in 


6  ti)  a 


FiR.  232. — Leishman-Doiiovaii  bodies. 


breadth.  The  smaller  bodies  may  be  more  fusiform  in  contour; 
the  larger  ones  more  nearly  circular.  Christophers  compares 
its  shape  to  a  closed  cockleshell.  A  characteristic  feature  is  its 
double  nucleus.  All  except  the  smallest  forms  present  a  rather 
large  oval   nucleus  near  the  periphery  and  another  small   rod- 
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like  nucleus  on  the  opposite  side  (Fig.  332).  In  this  respect 
the  parasite  resembles  the  degenerated  forms  of  the  trypano- 
some. 

The  parasite  stains  by  the  various  modifications  of  Romanow- 
ski's  method,  and  then  a  well-formed  capsular  wall  is  apparent. 
The  larger  parasites  often  display  vacuoles  and  their  body  sub- 
stance is  stained  a  bluish-pink  color.  Christophers  has  obscired 
the  larger  nuclei  dividing,  but  the  rod-like  body  remains  un- 
changed. Large  spheric  bodies  containing  what  appears  to  be 
dividing  parasites  arc  also  seen.  Bodies  uf  this  type  are  seen 
to  contain  from  3  lo  18  small  parasites. 

Leonard    R<jgcrs*   has    tullivaled    the    Leishman- Donovan  j 
parasite  on  artificial  medium  al  a  temperature  of  22°  C.     Other  1 
observers  have  found  ihe  parasite  to  develop  luxuriantly  at  a  tem- 
peralure  of  18°  C.     Ritgers  slates  that  he  has  developed  a  trypano- 
some  from  these  bodies  of  Leishman-Donovan;   and  Chatterjee  I 
has  confirmed  the  work  of  Rogers.-f'     This  irypanosome  resembles  | 
thai  originally  described  by  Keysselitz  (see  trypanosome,  p.  151).  f 
Stimulated  by  Schaudinn's  observation  thai  the  inlracurpuscular  I 
pigmenled  parasite  becomes  a  trypanosome,  we  should  consider  | 
the  many  possibilities  of  this   Leishman-Donovan  parasite  play- 
ing some  part  in  the  r6le  of  atypical  malaria. 

Detection  of  the  Parasite.— I  have  been  able  to  find  but  | 
two  references  to  the  parasite's  detection  in  the  peripheral  < 
culaiing  blood.     Nearly  all  authorities  agree  that   ihe  parasites  [ 
are  readily  detected  in  ihe  fresh  blood  obtained  by  puncture  of 
the  spleen.     Splenic  puncture  is  said  to  be  extremely  common 
among  general  practitioners  of  the  tropics,  but  in  subtropical  dis- 
tricls  such  procedure  should  be  conducted  by  the  surgeon. 

Smear  the  fresh  blood  thinly  upon  a  slide,  add  a  cover-g" 
and  study  under  a  -i^  oil-immersion  objective,  as  with  the  malarial  1 
parasile  (see  Malaria,  p.  157). 


Reagent. — DisMiivc  2  gm.  nf  corrosive  sublimate;  4  gm.  of  ] 
succinic  acid,  and  4  gm.  of  common  sail  in  50  c.c.  of  water.  After  i 
standing  for  a  few  hours  add  50  c-c,  of  a  saturated  solution  of  J 

•  "Bril.  Med,  Joum.,"  Scpl.  17,  igo4,  p.  648. 

fLmncrt,"  JJin.  7.  1130$. 

t  "Jour.  Mo.  Suie  Mpi).  As™c'n,"  April,  ivoj. 
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magnesium  sulphate;   shake  to  effect  a  perfect  mixture  and  the 
reagent  is  ready  for  use.     Keep  in  a  glass-stoppered  bottle. 

1.  Unless  clear  the  urine  should  be  filtered,  and  to  5  c.c.  of 
the  filtrate  add  i  c.c.  of  acetic  acid. 

2.  Fill  a  test-tube  to  one  or  two  inches  in  depth  with  the 
reagent. 

3.  Add,  by  means  of  a  pipette,  J  to  i  c.c.  of  acidified  urine 
(permitting  the  urine  to  float  upon  the  reagent).  A  ring  of  albu- 
min may  appear  at  the  zone  of  contact  of  the  urine  with  the 
reagent. 

4.  Heat  gradually  to  boiling.  The  ring  thus  produced  tends 
to  remain. 

Ravold  has  found  this  test  of  value  for  the  detection  of  minute 
amounts  of  albumin.  Ravold's  reagent  may  be  heated  in  a  test- 
tube  and  applied  after  the  author's  contact  method,  p.  207. 

CLINICAL  SIGNIFICANCE  OF  ALBUMIN. 

For  convenience  of  study  albuminuria  may  be  considered 
under  the  following  subheads : 

I.  Renal  albuminuria, — a,  condition  where  the  albuminous 
body  escapes  with  the  urine  into  the  uriniferous  tubules,  or, 
less  often,  enters  the  urinary  tract  at  the  kidney's  pelvis.  In 
either  case  the  condition  inducing  such  escape  of  albumin  is 
inflammatory.  During  the  early  stage  of  acute  nephritis  the 
amount  of  albumin  is  very  large,  and  may  equal  from  one-tenth 
to  one-half  the  quantity  of  the  urine  by  bulk.  A  large  amount 
of  albumin  is  also  present  during  the  entire  course  of  chronic 
parenchymatous  nephritis;  the  amount  of  albumin  ranging 
inversely  to  the  quantity  of  urine.  Toxic  albuminuria  indicates 
a  condition  where  albuminuria  follows  large  doses  of  renal  irri- 
tants, or  where  it  develops  during  the  course  of  acute  infections 
(diphtheria,  scarlet  fever,  typhoid  fever,  etc.). 

Throughout  the  course  of  chronic  interstitial  nephritis,  and 
also  w^here  there  exists  amyloid  disease  of  the  kidneys,  the  amount 
of  albumin  in  a  given  quantity  of  urine  is  relatively  small;  but 
when  one  considers  the  quantity  of  urine  voided  during  the 
twenty-four  hours  and  the  percentage  amount  of  albumin  correc- 
tively, it  will  be  seen  that  considerable  albumin  is  lost  daily. 
During  an  acute  exacerbation  of  chronic  nephritis  the  quantity 
of  urine  is  also  small  and  the  amount  of  albumin  relatively 
large. 

Traumatism  in  the  region  of  the  kidneys,  pressure,  and  mas- 
sage of  the  loins  and  abdomen  may  cause  albuminuria. 
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2.  Albumin  may  escape  into  the  urine  as  a  result  of  blood 
dyscrasia,  f.  g.,  leukemia  and  the  severer  secondary  anemias,  and 
particularly  after  chronic  mineral  poisoning. 

3.  Parasitic  albuminuria  is  seen  during  infection  «ith  the 
filaria,  schistosoma,  hematobium,  and  other  parasites   (see   pp. 

U()2  to  300). 

4.  Inflammatorj'  processes  of  the  bladder,  prostate,  and 
urethra  are  frequent  sources  of  albumin.  It  may  at  limes  depend 
upon  the  escape  of  seminal  fluid  with  the  urine  and  is  usually 
present  in  the  first  urine  voided  by  the  male  after  intercourse. 
In  the  female  it  is  very  common  to  find  albuminous  bodies  present 
in  the  urine  voided  by  ihc  patient;  while  the  urine  obtained  by 
catheter  is  albumin- free. 

t).  Intermittent,  cyclic,  transitorj-  and  digestive  albuminuria 
concerns  us  only  in  that  persons  suffering  from  any  one  of  these 
forms  of  albuminuria  will  in  the  majority  of  instances  develop 
true  albuminuria  later.  Here  the  albumin  is  of  renal  origin  and 
suggests  an  unbalancing  of  the  functions  of  metabolism  and 
renal  secretion. 

TORFUGAnON. 
Wetherill's  ccntrifug-jl  melhod  depends  upon  the  revolution 
of  a   tube-containing- bar  uptjn  a  twisted  cord  (Fig.  233).     The 
motions  are  to  and  fro,  and  a  speed  of  5000  revolutions  a  minute   ' 


Emay  be  obtained.  This  melhiMi  provides  a  most  practical  means 
for  the  recover)-  of  urinar}'  sediments;  and  for  the  rapid  estima- 
tion of  albumin  by  the  Esbach  method;  and  for  centrifugal  anal- 
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ysis  in  general  (except  milk).    The  torfuge  has  found  a  useful 
field  in  clinical  laboratory  methods  (see  torkrit,  p.  523). 


QUANTITATIVE  ESTIHATION  OF  PURIN  IN  THE  URINE. 

The  purin  bodies  excreted  with  the  urine  include  combinations 
containing  the  nucleus  C^N^  (see  Uric  Acidj  page  196).  For  con- 
venience of  study  the  purin  bodies  of  the  urine  arc  classified  into 
exogenous  and  endogenous  purins,  the  former  being  derived  from 
the  foods,  and  therefore  bearing  a  direct  relation  to  the  amount  of 
purins  taken  as  food.  The  endogenous  purins  are  thought  to 
result  from  the  nucleins  of  the  body,  and  therefore  their  estimation 
ser\^es  as  an  indication  of  the  degree  of  dis- 
integration resulting  from  metabolism. 

Method  of  Detennination. — Camerer 
offers  the  following  method  for  the  determina- 
tion of  the  amount  of  purin  bodies  in  the  urine: 

Reagents : 

1.  Ludwig*s  magnesia  mixture  ♦ loo  c.c. 

Ammonia  (20  per  cent.) 100  c.c. 

Talcum 10  gm. 

2.  Silver  nitrate i  gm. 

Ammonia  (i)ure) 100  c.c. 

Talcum 5  gm. 

Distilled  water 100  c.c. 

Instrument. — The  purinomcter  (Fig.  230) 
consists  of  a  graduated  cylinder  which  is 
divided  equally  into  halves,  these  halves  l>eing 
separated  by  a  perforated  cork. 

1.  Place  90  c.c.  of  the  mixed  twenty-four 
hours'  urine,  free  from  albumin,  and  20  c.c.  of 
reagent  into  the  superior  half  of  the  purinom- 
eler. 

The  object  of  this  procedure  is  to  throw 
out  of  solution  the  urinary  phosphates  which  collect  at  the  bottom 
of  the  tube,  upon  the  upper  surface  of  the  cork. 

2.  After  ten  minutes  turn  the  cork  and  permit  the  sedimenled 
phosphates  to  pass  into  the  lower  half  of  the  purinometer,  and 
then  return  the  cork  to  its  former  position. 

3.  Add  to  the  remaining  urine  in  the  superior  half  of  the 
purinometer  reagent  2,  filling  to  the  graduation  100.  A  precipitate 
results  which  is  composed  of  silver  chloric!  and  silver  purin;  but 

♦Crystalline  magnesium  chlorid,  100  gm.;  Water,  1000  c.c;  .Ammonia, 
sufficient  to  give  the  srjlution  a  strong  odor;  an<l  Ammonium  chlorirl,  enough  to 
dissolve  all  prt»cipitate  that  may  result. 

34 


Fig.  334.— Purinometer. 
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;  former,  silver  chlorid, 
present. 


.  dissolved  by  the  excess  of  ammonia 


4-  The  precipitation  of  the  purin  bodies  present 
in  the  urine  is  hastened  by  agitating  the  liquid  after 
the  addition  of  reagent  3.  Whenever  the  yellow 
silver  urine  precipitate  is  seen  to  contain  white  floe- 
culi,  add  a  few  drops  of  ammonia  to  the  mixture. 

5,  Place  the  purinometer  in  a  dark  room  for 
from  one  to  twenty-four  hours,  after  which  it 
should  be  brought  to  the  light  and  the  precipi- 
tated silver  purin  read  from  the  graduation  upon 
the  instrument. 

6.  Multiply  the  number  of  centimeters  of  the 
precipitate  by  1.5  (percentage),  and  the  emp}Tic 
value,  approximately  0,0010  (which  is  determined 
for  each  apparatus),  gives  the  percentage  of  nitro- 
gen. The  figure  thus  obtained,  when  multiplied 
by  the  daily  amount  of  urine  expressed  in  cubic 
centimeters,  and  this  product  divided  by  100, 
will  give  the  total  amount  of  purin  nitrogen  ex- 
creted during  the  twenty-four  hours.  With  each 
purinometer  is  furnished  a  special  table  by  the 
aid  of  which  the  percentage  of  purin  nitrogen  is 
readily  estimated.  It  has  been  found  that  the 
most  satisfactory  results  are  to  be  obtained  with 
urines  of  a  specific  gravity  between  1.015  *"d 
1.025;  3"*^  't  bas  been  further  found  that  the 
ingestion  of  both  tea  and  coffee  interferes  with  the 
estimation  of  purin  nitrogen;  and  that  a  diet 
composed  of  eggs,  milk,  rice,  potatoes,  bread, 
butter,  and  cheese  is  best  adapted  for  the  deter- 
mination of  the  endogenous  purin  excreted.  The 
exogenous  purin  may  be  determined  while  the 
patient  is  taking  indefinite  quantities  of  meat. 


QUANTITATIVE  ESTIMATION  OF  URIC  ACID. 

Ruhemann's  method  for  estimating  the  urinary 
uric  acid  is  dependent  upon  the  union  of  uric 
acid  with  iodin.  The  instrument  employed  is 
termed  a  uricometer  (Fig.  231),  and  consists  of  a 
graduated  glass  tube  25  centimeters  in  lenph. 
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KeageotB. —  i.  Sulphid  of  carbon,     a.  lodin  solulinn. 

PolBSiium  iodid 1.5  parts 

lodin IS     '■ 

Alcohol  (absolulc) 15        " 

Water 185       " 

1.  Fill  the  uricometer  to  mark  S  with  reagent  i. 

2.  Add  2  c.c.  of  reagent  2,  which  fills  the  uricomeler  to  mark  I. 

3.  Add  slowly  to  the  mixture  acid  urine  free  from  albumin 
and  from  sugar,  shaking  well  after  each  addition.  The  urine  is 
added  cautiously  until  the  brown  color  gives  way  to  that  of  white. 

4.  Read  the  percentage  of  uric  acid  pro  miUe  from  the  right- 
hand  column  of  figures  graduated  upon  the  uricometer;  and  from 
the  left-hand  column  read  the  number  of  cubic  centimeters  of 
urine  employed. 

Caution. — Where  the  amount  of  uric  acid  present  is  too  small 
to  register,  it  is  advisable  to  employ  one-half  or  one-fourth  the 
quantity  of  iodin  solution. 


L 


GLYCERIN. 

Cammidge's  Reaction. — The  so-called  "  Cammidge's  re- 
action" depends  upon  the  recognition  of  glycerin  in  the  urine, 
and  the  test  is  practically  that  for  glycerosc.  The  local  fat  nec- 
roses probably  result  from  a  selective  action  of  the  pancreatic 
secretion.  The  tissue  fat  is  converted  into  the  fatty  acids  which 
readily  combine  with  lime;  while  the  other  constituent  of  the  fat 
molecule,  glytcrin,  is  thus  set  free  and  enters  the  circulation,  ap- 
pearing in  the  urine  as  gljccrin,  but  is  converted  into  glycerose 
by  boiling  with  a  mineral  acid.  Two  tests,  "A"  and  "B,"  are 
described  in  detail  for  glycerose,*  and  both  are  modifications  of 
the  phenylhydrazin  test  for  glucose  p.  22Q. 

Reaction  "A." — i.  Place  10  c.c.  of  filtered  (sugar-free)  urine 
into  a  flask. 

2.  Add  I  c.c.  of  strong  hydrochloric  acid. 

3.  Place  a  funnel  in  the  neck  of  the  flask  tu  act  as  a  condenser, 
and  boil  gently  on  a  sand-bath  for  ten  minutes. 

4.  Add  5  c.c.  of  filtered  urine,  and  5  c.c.  of  distilled  water; 
set  the  mixture  in  running  water  and  allow  to  cool. 

5.  Neutralize  the  excess  of  acid  with  4  gm,  of  lead  carbonate; 
add  slowly,  and  allow  to  stand  for  five  minutes. 

6.  Filter  through  a  moist  filler-paper,  and  wash  the  flask  upon 
the  filter  with  5  c.c.  of  distilled  water. 

•"Lamer."   Mar.   ly,   1904. 
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7.  To  this  filtrate  add  2  gm.  of  powdered  sodium  acetate 
and  0.75  gm.  of  phenylhydrazin  hydrochlorate;  boil  for  four 
minutes  on  a  sand-bath. 

8.  Cool,  pour  into  test-tubes,  or,  better  still,  into  the  tubes  of 
the  centrifuge  and  centrifugalize. 

9.  Transfer  this  sediment,  by  means  of  a  pipet,  to  a  slide,  when 
study  under  a  J  objective.  In  the  presence  of  disease  of  the  pan- 
creas this  sediment  is  found  composed  for  the  most  part  of  fine 
needle-like  crystals  which  may  appear  in  dense  aggregations  or 
in  sheaves. 

Fallacies, — This  reaction  is  occasionally  obtained  with  the  urine 
of  carcinoma,  pneumonia,  etc.,  where  there  is  active  tissue  change 
taking  place. 

Reaction  "5." — This  differentiating  test  depends  upon  the 
fact  that  the  crystals — end  reaction — seen  in  reaction  **A"  do 
not  occur  in  pancreatic  inflammations  when  the  urine  is  first 
treated  with  perchlorid  of  mercury,  while  such  preliminary  treat- 
ment exerts  no  influence  upon  the  reaction  in  cancer  of  the  pan- 
creas, pneumonia,  etc. 

1.  Thoroughly  mix  20  c.c.  of  filtered,  sugar-free  urine  \^'ith 
10  c.c.  of  a  saturated  solution  of  perchlorid  of  mercur>',  and  allow 
to  stand  for  ten  minutes. 

2.  Filter  and  to  10  c.c.  o£  this  filtrate  add  i  c.c.  of  strong 
hydrochloric  acid. 

3.  Boil  for  ten  minutes  in  a  sand-bath;  dilute  with  5  c.c.  of 
the  filtrate  from  step  i  and  10  c.c.  of  distilled  water;  cool  in  run- 
ning water  and  continue  as  in  reaction  *'A,"  step  5. 

Clinical  Significance. — (a)  Should  no  cr^-stals  be  found  by 
cither  the  ''A"  or  the  *'B''  method,  the  pancreas  is  healthy. 

{h)  Should  crystals  be  obtained  by  the  '*A"  and  not  by  the 
*'B"  method,  active  inflammation  of  the  pancreas  exists — ^an 
indication  for  surgical  intervention. 

{O  The  solubility  of  these  cr>'stals  is  studied  by  permitting 
acids  to  flow  underneath  the  cover-glass  while  observing  the  cr}'stals 
under  the  microscope.  Cr\'stals  **A*'  dissolve  in  t^t,  per  cent, 
sulphuric  acid  in  one-half  to  one  minute,  where  acute  pancreatic 
inflammation  exists.  In  chronic  inflammation  they  require  two 
minutes  to  disappear.  Crystals  obtained  by  both  *'A''  and  "B" 
methods  are  suggestive  of  pancreatic  cancer.  In  cancer  the 
crystals  re(|uire  five  minutes  to  dissolve. 


GASTRIC  CONTENTS.  533 

GASTRIC  CONTENTS. 

OPOLLINCyS  TEST.* 

Reagents:  (i)  Anilin  water;  (2)  a  titrated  solution  of  sodium 
liypochlorite;  (3)  a  solution  of  hydrochloric  acid  5  parts  to  1000, 
for  control  tests. 

1.  Place  2  c.c.  of  filtered  gastric  contents  into  a  test-tube. 

2.  Add  one-half  c.c.  of  anilin  water  and  shake  the  mixture 
gently. 

3.  Add  drop  by  drop  4  or  5  drops  of  the  sodium  hypochlorite 
solution,  shaking  gently  after  each  addition;  and  should  the 
hydrochloric  acid  present  not  equal  the  normal,  a  yellow  color 
results.  Should  the  mixture  become  violet,  repeat  the  test,  using 
2  parts  of  gastric  fluid  with  i  part  of  distilled  water;  and  a  violet 
color  now  shows  that  there  is  more  than  2  parts  [yev  1000  of  HCl 
present — the  lower  normal  quantity.  A  faint  violet  color  resulting 
after  the  employment  of  gastric  fluid  and  distilled  water  in  equal 
parts  denotes  that  there  is  three  parts  of  HCl  per  1000 — the 
extreme  limit  for  normal  gastric  fluid.  A  dark  violet  color  is  in- 
dicative of  an  excess  of  HCl;  and  should  a  faint  violet  color  per- 
sist, the  HCl  is  above  normal. 

PURIN  BODIES  IN  THE  FECES.t 

According  to  Schittenhelm,  the  amount  of  purin  nitrogen  in 
the  feces  is  in  direct  proportion  i^ith  the  amount  of  solid  substance. 
This  amount  is  directly  influenced  by  diet;  e.  g,y  a  diet  with  much 
residue  or  one  rich  in  nucleins  (thymus  gland)  causes  an  increase. 
In  diarrhea  some  of  the  food  purins  pass  into  the  feces;  and  in 
disease  of  the  pancreas  due  to  incomplete  digestion  of  nuclein 
the  amount  of  purin  in  the  feces  is  greatly  increased. 

The  purin  bodies  are  decreased  in  the  feces  of  alcoholism 
and  in  constipation.  The  intestinal  wall  contains  purin  bases; 
viz.,  adenin,  guanin,  xanthin,  and  h\^)oxanthin;  and  it  has  been 
suggested  that  a  portion  of  the  purins  in  feces  is  derived  from  this 
source.  Meconium  contains  uric  acid  but  not  purins  (see  Purins 
in  UrinCy  page  529). 

MOISTURE  OF  THE  BREATH. 

This  is  accurately  determined  by  the  aid  of  Wetheriirs  hygro- 
scope;  or  by  the  color  scale,  l)age  524. 

*'•  Riforma  Mc<liia,"  Dec.  7,  1004. 

t '*  iX'Ut.  An  h.  f.  klin.  Med.,"  Hrl.  Ixxxi,  p.  42  ^ 
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Hold  the  open  surface  of  the  instrument  or  the  slip  of  litmus 
paper  directly  in  front  of  the  opened  lips  and  direct  the  patient 
to  exhale  through  his  mouth. 

Clinical  Significance.— The  moisture  of  the  normal  breath 
approximates  85.  The  degree  of  moisture  is  increased  in  con- 
ditions where  the  skin  and  kidneys  are  inactive,  and  W'etherill 
found  it  to  reach  95  in  uremia. 


CLINICAL  SIGNIFICANCE  OF  BUCCAL  SECRETION  IN  DISEASE. 

The  reaction  of  the  sali^'a  is  acid  in  diabetes,  neoplasm  of 
the  stomach,  in  leukemia,  pernicious  anemia,  and  occasionally 
in  chlorosis.  In  uremia  it  may  contain  urea.  Fleckseder*  de- 
tected sugar  in  the  saliva  of  2  of  13  cases  of  diabetes  studied. 

Oligosialia  (diminished  saliva)  is  to  be  seen  in  diabetes  md- 
litus  and  insipidus,  severe  diarrhea,  profuse  sweating,  vomiting, 
dropsy,  cachexia,  gastric  carcinoma,  malignancy,  the  anemias, 
hepatic  cirrhosis,  in  high  fevers,  and  rarely  after  ptyalism.  At 
such  times  the  saliva  is  cloudy,  tenacious,  and  emits  a  sweetish 
odor. 

Ptyalism  is  characterized  by  a  clear,  thin,  alkaline  secretion, 
which  is  decreased  in  rhodan.  Ptyalism  is  met  with  in  stomatitis, 
pregnancy,  painful  gastric  maladies,  gastric  ulcer,  and  nausea. 
An  intermittent  increased  flow  of  saliva  is  observed  in  neuras- 
thenia, trigeminal  neuralgia,  and  locomotor  ataxia. 


CYTODIAGNOSIS. 

Cylodiagnosis  consists  in  a  differcnlial  study  of  the  cellular 
elements  found  in  fluiils  recovered  from  the  serous  sacs  (see  differ- 
ential leukocyte  count,  p.  98). 

Clinical  Significance. — .An  excess  of  lymphocytes  (mono- 
nucleosis) is  probably  suggestive  of  tuberculosis  or,  more  cor- 
rectly, indicative  of  the  presence  of  foreign  cells  in  the  senjus 
membrane,  and  that  nature  is  endeavoring  to  eliminate  such 
offending  substance  by  means  of  the  macrophagocytes,  while  a 
prei>onderance  of  polynuclear  ceUs  points  toward  suppurative 
processes  or  toward  a  widespread  tuberculous  or  gummatous 
condition  with  probable  necrotic  change.  Should  the  fluid 
contain  many  endothelial  cells  (endotheliosis),  tuberculosli  is  to 
be  favored.  Polynucleosis  is  suggestive  of  a  virulent  infection 
(empyema),  and  is  also  to  be  found  in  such  inflammatory  mal- 
adies as  rheumatism,  malignancy,  in  heatstroke,  and  infarct  of 
•  "ZentralblBtl  fur  Inncrc  Med.,"  Jan.  14, 1905. 
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the  lung.  In  transudates,  endothelial  cells  are  found  in  sheets 
and  clusters,  and,  according  to  Lewkowiez,*  endothcliosis  is  sug- 
gestive of  mechanical  obstruction,  as  seen  in  transudates  of  heart 
and  kidney  disease.  Vargas-Suarez  found  the  eosinophils  in- 
creased in  cancer  of  the  pleura  and  in  two  cases  where  the  diag- 
nosis was  obscure.  There  may  be  an  excess  of  eosinophils  in 
the  blood,  the  cause  of  which  is  possibly  dyspnea.  In  cancerous 
involvement  of  the  serous  surfaces  one  would  exi)ect  to  find  many 
endothelial  cells  in  the  effusion  from  involved  sacs.  Erythrocy- 
tosis  indicates  a  hemorrhagic  process,  and  may  depend  upon  a 
break  in  the  continuity  of  the  blood-vessels  or  upon  an  inflam- 
matory process.  In  two  instances  in  which  I  recovered  bloody 
fluid  from  the  right  pleura,  the  antemortem  diagnosis  and  later 
the  postmortem  diagnosis  was  cirrhosis  of  the  liver,  the  pleurae 
were  normal. 

Transuded  fluid  will  be  found  to  contain  a  few  leukocytes 
and  endothelial  cells,  many  of  which  show  evidence  of  fatty 
degeneration.  In  ascitic  fluid  during  the  course  of  myelogenous 
leukemia  many  eosinophils  and  mast  cells  have  been  noted.  In 
cases  in  which  the  fluid  is  concealed  for  a  long  time  cr>'stals  of 
cholesterin  and  Charcot-Leyden  crystals  may  be  found,  the  former 
being  oftenest  found  in  hydrocele  fluids. 

Cytodiagnosis  oj  Mumps. — Sicard  and  DopterJ  collected 
saliva  directly  from  the  parotid  gland  by  introducing  a  short 
piece  of  a  fine  sound  through  the  cxcretor>'  duct  of  the  gland. 
The  saliva  from  32  persons  free  from  mumps  contained  very 
few  cells,  but  that  from  52  persons  with  mumps  was  pathologic 
almost  from  the  onset  in  49  instances.  By  examining  the  saliva 
from  the  gland  in  this  w-ay  it  is  easy  to  differentiate  parotitis  at 
any  stage  and  to  reveal  the  parotitic  origin  of  certain  affections 
of  the  testicles. 

Method. — I.  Collect  the  fluid  in  a  clean  bottle  and  cork 
tightly  until  ready  io  begin  its  cytologic  study. 

2.  Place  the  fluid  in  the  centrifuge  or  the  torfuge  and  sediment 
for  from  three  to  ten  minutes. 

3.  Lift  the  sediment  into  a  pipet  and  transfer  it  to  a  slide, 
where  spread  thinly  over  a  comparatively  large  surface. 

4.  Dr}'  this  preparation  in  the  air  and  fix  by  heat  or  by  the 
fumes  of  formalin  (see  Fixing  Blood,  [)age  74). 

5.  Strain  for  one-half  minute  with  a  solution  composed  of  one- 
half  of  1  per  cent,  of  eosin  in  70  per  cent,  alcohol;   and  counter- 

♦**\Vien.  klin.  Wjm  h.,"  Sci>t.   1004,  p.  ()y>^. 

t  "  Beitragc  zur.  klinik  dcr  TulxTkuU)>e,"   1904,  Bd.  ii,  p.  201. 

J  "  Presse  Medicalc/*  March  29,  igo5. 
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Stain  with  a  2  per  cent,  aqueous  solution  of  methylenc-blue,  for 
one-half  minute.  Wash  in  water  and  study  under  a  one-twelfth  oil- 
immersion  objective  (see  Differential  Leukocyte  County  page  98). 

Caution. — Upon  standing  serous  fluids  often  develop  a  floc- 
culent  coagulum  or  sediments  in  which  many  of  the  cellular 
elements  become  entangled,  hence  cytologic  examination  of  such 
fluids  is  valueless. 


EXUDATES. 

PARASITES  OF  SMALLPOX,  VACCINIA,  AND  VARICELLA. 

It  is  quite  well  established  that  in  the  lymph  of  smallpox, 
varicella,  and  vaccinia  are  to  be  seen  small  unicellular  bodies 
(protozoa)  which  possess  a  variable  degree  of  ameboid  movement. 

Parasite. — The  organism  is  a  spherical  body  y^Vv  oi  an 
inch  in  diameter,  containing  a  rather  large  central  nucleus.  This 
nucleus  is  somewhat  obscured  by  numerous  refractile  granules, 
which  are  regarded  as  probable  spores.  The  extra-cellular  spore- 
like  bodies  are  motile  unless  found  in  glycerinated  calf-ljTnph. 
The  cytoplasm  of  the  cell  is  finely  granular. 

Detection. — i.  Collect  the  lymph  from  the  vesicles  of  the 
several  diseases  and  study  in  a  hanging-drop  preparation  (see 
Widal  reaction,  p.  118). 

2.  Keep  the  specimen  warmed  at  body-temperature  and 
examine  under  a  one-twelfth  oil-immersion  objective. 

Cautions. — In  variola  collect  the  lymph  on  or  before  the 
fifth  day  of  the  eruption.  Human  vaccine  lymph  should  be 
procured  upon  the  eighth  or  ninth  day.  The  j)arasite  of 
chickenpox  is  demonstrable  in  lymph  gathered  the  first,  second, 
and  third  days  of  the  eruption,  and  is  very  motile,  as  is  also  the 
parasite  of  human  vaccine.  Dilute  glycerinated  calf-lymph  to 
four  limes  its  bulk  with  normal  saline  solution. 

SEROUS  EXUDATES. 

Protozoon  of  Scarlet  Fever. — C.  W.  Duval,*  in  the  studv 
of  18  cases  of  scarlet  fever,  j)r()duced  blisters  by  the  use  of  ammonia 
and  examined  their  serum  for  protozoa-like  bodies  (Mallor}''s 
bodies).  In  five  instances  positive  results  were  obtained,  and  in 
three  of  these  the  spherical  segmented  forms  were  observed.  Posi- 
tive results  were  obtained  when  the  eruption  was  fully  developed. 

In  one  case  that  succumbed  to  the  malady  foci  of  organisms 

'*  "Univ.  of  Tcnn.  MecJ.  Bui.,"  Nov.,  1904. 
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apparently  identical  with  those   detected  in  the  serum  of  the 
blisters  were  found  in  the  skin. 


CHYLOUS  EXUDATES. 

DISTINCTIVE  FEATURES  OF  CHYLOUS  AND  PSEUDOCHYLOUS 

FLUIDS. 


Tkue  Chylous  Er fusion. 
The  fluid  cx)nsists  of  a  fine  emul- 
sion  containing   but    few   cellular 
elements. 


a.  Accumulates  rapidly  after  tapping. 

3.  Contains  sugar. 

4.  The  melting-jrioint  of  the  fat  pres- 

ent in  the  fluid  will  be  found  to 
vary  with  the  melting-point  of  the 
fat  taken  as  food. 

5.  The   amount   of   fat    present   is   in 

direct  relation  ^^-ith  the  amount 
of  fats  ingested. 

6.  On  standing  a  distinct  creamy  layer 

does  not  collect  on  the  surface  of 
the  liquid. 


7.  Fluid  obtained  by  paracentesis  may 
emit  the  odor  of  foods  that  have 
been  ingested. 


Pseudochylous  Eppusion. 

1.  A   less  perfect  emulsion  containing 

large  numbers  of  epithelial  cells 
and  granular  debris  which  is  seen 
to  display  the  various  stages  of 
degeneration,  and  to  contain  few 
fat  droplets. 

2.  Collects  more  slowly,  varying  with 

the  exciting  pathologic  cause. 

3.  Sugar  absent,  as  a  rule. 

4.  Fatty  fowls  have  no  effect  on  the 

melting  fats  contained  in  the  fluid. 


5.  Not  affected  by  diet. 


6.  A    layer   may   collect   which   varies 

with  the  number  of  oil  droplets 
present.  A  heavy  sediment  is  lia- 
ble to  collect  at  the  bottom  of  the 
li(}uid. 

7.  Does  not  emit  the  odor  of  foods. 


Clinical  Significance. — Analysis  of  reports  of  126  cases  of 
milky  ascites  (2  cases  observed  personally)  gave  24  complicating 
carcinoma;  17  cases  resulting  from  tuberculosis;  11  cases  accom- 
panying cardiovascular  conditions;  8  cases  due  to  disease  of  the 
liver;  7  cases  following  puerperal  sepsis;  and  4  cases  the  result 
of  congenital  cysts. 

In  addition,  there  were  3  instances  where  chylous  ascites  fol- 
lowed infection  with  the  filaria  sanguinis  hominis.  Obstruction 
to  the  thoracic  duct  was  observed  postmortem  in  1 1  of  the  cases, 
and  the  duct  or  receptaculum  was  found  to  be  ruptured  as  the 
result  of  traumatism  in  7  of  the  cases. 

Sixty-one  of  the  cases  were  females,  50  males,  and  in  the  re- 
maining reports  the  sex  was  not  given.  A  further  analysis  as  to 
the  number  of  cases  occurring  at  the  various  periods  in  life  gave 
6  under  one  year  of  age;  3  between  one  and  five  years;  13  between 
five  and  ten  years;  9  between  ten  and  twenty  years;  12  between 
twenty  and  thirty  years;  34  between  thirty  and  fifty  years;  and 
24  after  the  age  of  fifty. 

Milky  fluid  is  also  met  with  in  the  pleural  and  pericardial  sacs. 
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CYTOLOGIC  STUDY  OF  SPINAL  FLUID. 

Sicard,  Widal,  Ranout,  and  Wieder  and  Mamlock  have  c^^;. 


tributed  elaborate  papers  upon  the  clinical  values  of  cytodiagn 
These  studies  have  even  included  the  most  varied  aflFections  ^^^> 


of  the  spinal  fluid  in  diseases  of  the  meninges,  brain,  and  cor  ^ 


the  nervous  system,  and  the  point  of  special  interest  appears  t 
be  an  increase  in  the  relative  proportion  of  small  mononucleap^^ 
leukocytes  (lymphocytes).  The  l)mfiphocytes  have  been  found ^ 
increased  in  tabes,  progressive  paralysis,  cerebrospinal  syphilis, 
syphilitic  hemiplegia,  herpes  zoster,  and  sciatica.  The  lympho- 
cytes are  not  increased  in  syringomyelia,  poliomyelitis,  polyneu- 
ritis, hemiplegia  of  old  age,  compression  myelitis,  functional  neu- 
roses, epilepsy,  and  cerebral  tumor. 

Cases  of  general  paralysis,  tabes  and  those  of  syphilitic  origin 
provide  the  most  constant  findings  (mononucleosis);  but  in 
these  the  findings  are  often  confusing,  giving  an  increase  in  the 
percentage  of  lymphocytes  at  one  examination  and  a  normal  or 
decreased  number  at  another.  In  uremia  with  convulsions  a 
moderate  increase  in  the  mononuclear  cells  is  common;  while 
in  tetanus  the  increase  is  likely  to  be  more  decided,  and  may  be 
associated  with  many  polymorphonuclear  leukocytes.  Brain 
tumor  and  tumor  of  the  cervical  cord  have  shown  a  decided  in- 
crease in  mononuclear  cells. 

The  number  of  contradictory  statements  regarding  cylologic 
study  of  the  spinal  fluid  makes  it  difficult  for  one  to  arrive  at 
definite  deductions.     This  diff"ercnce  in  the  results  obtained  bv 

m 

diff"erent  observers  is  dependent  in  part  at  least  upon  the  varied 
technique  employed,  and  also  because  there  was  no  set  schedule 
observed  as  being  normal  for  the  cerebrospinal  fluid  of  man  (see 
Difjerential  Leukocyte  County  page  98). 

INDICAN  m  THE  URINE. 

The  following  test  has  proved  very  satisfactory  in  the  hands  of 
Dr.  Daland:  To  10  c.c.  of  filtered  urine  add  one  drop  oi  a  i  per 
cent,  potassium  chlorate  solution,  then  5  c.c.  of  chloroform,  and, 
lastly,  10  c.c.  of  pure  fuming  hydrochloric  acid  (specific  gravity 
i.iq).  Il  is  XQvy  nccessar)'  that  the  reagents  should  be  added  in  the 
order  given. 

Mix  thoroughly  by  pouring  repeatedly  from  one  test-tube  to 
another.  By  this  method  the  indican  (indoxyl-potassium-sulphatc) 
is  reduced  to  indigo  which  dissolves  in  the  chloroform  and  imparts 
a  blue  color  to  it.     In  about  ten  minutes  the  maximum  coloration 
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has  been  reached  and  the  whole  liquid  should  again  be  thoroughly 
mixed.  The  chloroform  will  be  colored  more  or  less  blue  according 
to  the  amount  of  indigo  set  free. 

If  the  urine  contains  iodids,  the  chloroform  will  be  colored  vio- 
let. This  violet  color  may  be  removed  by  adding  three  drops  of  a 
5  f)er  cent,  aqueous  solution  of  sodium  thiosulphate,  whereupon  the 
blue  coloration,  if  present,  will  appear. 
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AmA  condenH«r  in  study  of  urine.  25^ 
Abortion,  menstrual  fluid  after,  483 
Abscess,  blood  in.  137 

pulmonary,  sputum  in,  445 
Acetate  of  soda  solution,  184 
Acetic  acid  fermentation,  543 
in  feces,  31S8 
in  urine,  250 
test  for,  343 
Aceto-acetic  acid  in  urine,  240 
Acetone  in  stomach ,  34K 

in  urine,  240 
Acetonemia,  blood  in.  69 
Acetonuria,  240 

tests  for,  241 
Achorion  Schonleinii,  506 
Achromac>te,  Hq 
Achroodextrin,  test  for,  341 
Acid-fast  bacilli,  differentiation,  441 
Acid,  leukoc)tosis  from.  104 

urine,  sediments  in,  260 
Acidity  of  blood.  64 
Actinomyces  in  pus,  49S 
in  saliva,  458 
in  sputum.  437 
in  urine,  301 
Actinomycosis,  blood  in.  139 
fungi  of,  in  sputum.  4.^7 
of  gen ilo-un nary  tract.  301 
pus  of,  498 
saliva  in,  458 
Acute  infectious  diseases.  133 
Addison's  disease,  blood  in,  142 
Adcnin  in  urine,  aoo 
Adjustment  of  focus,  24 

wheel,  24 
Agamodistomum  ophthalmobium,  473 
Agglutinin,  126 
Albumin  in  blood,  64 
in  exudates.  4S8 
in  saliva.  45.^ 
in  transudates.  ^^ 
in  urine.  206 
albuminometer  for  estimating,  212 
Boston's  test  for.  207 
clinical  significance  of.  527 
Douglas'  test.  206 
Esbach's  estimation,  211 
estimation,  211 
glc^ulin  and,  seiiaratiun.  206 
gravimetric  estimation.  213 
neat  in  estimation.  211 
Ravold's  test,  526 
reaction  ring  in  Boston's  test.  209 
tests  for,  206 

volumetric  estimation,  211 
nucleo-.    See  Muctn. 
serum-,  in  sputum,  4M 
Albuminoids,  gastric  digestion  of.  341 
Albuminometer.  Ksbach  s,  2x2 
Albuminous  expectoration,  colot  ut,  430 
Albuminuria,  206 
emulsion-,  216 
Albumosc,  Bence-J ones',  218 


Albumrne  in  urine.  Boston's  test  for,  210 

Millon's  test  for,  217 
Alcohol  and  phos»phates  in  urine,  182,  1H3 

{(lucosuria  after,  225 
eukocytosis  from.  104 
Alcoholic  ether,  202 
Alkaline  heniatoporphyrin.  223 
urine,  amorphous  deposits  in,  277 
sediments  in,  260.  275 
Alkalinity  of  blood.  60 

Dare  s  hemoalkalimeter  for.  61 
estimation  of,  61 

Lowy's  method  of  estimation.  61 
Alkalis,  leukocytosis  from,  104 
Alkaloids  in  unne,  256 
Alkaptonuria,  247 
fermentation  test  for,  247 
Garnxi's  test  for,  247 
phcn>lhydrazin  test  for,  247 
polurimetry  for.  247 
Alloxur  bases,  106.  2^10 
Almcn's  solution,  215 
Aloiii  test  for  blood,  355 
Ameboid  movements  of  red  cells,  90 
American  fluke,  large,  ^13 
Ammonia,  electric  conductivity  of,  175 
ill  stomach,  349 
in  urine,  177,  246 
Aninitiniacal  magnesium  mixture,  199 
Animoniimiagnesium  nhosphates  in  urine,  271 
Ammonium  urate  in  alkaline  urine.  276 
Amirba  coli,  blotxl-cells  in,  392 
ill  feces,  3S8 
ill  pus.  4W7 
iii  sputum,  436 
histolytica,  3.S9 
urogeiiiialis  in  urine.  300 
Amorphous  de|>oHits  in  urine.  274 

alkaline.  277 
Aniyl  nitrite,  glucosuiia  after.  225 
Aniyloiii  casts  in  urine.  2>*) 
Anchlorhydria,  326 
Aiichylostoma.     See  I'ncinatia. 
Anemia.  82 
chloroiic  type.  127.    S«m.' also  Chlorosis. 
pernicious!  126.  See  also /VynrWoni  «M^mra. 
primary,  82 
c]uantitativc,  94 
s.econ<lary,  82.  88 
ameboid  motion  in,  i>j 
bli.K>d  ill.  88 

Hiownian  movements  in,  90 
crenation  in,  90 
<lecolorali»>n  of  blood  in.  89 
diffemitial  diagnosis,  12S 
<lwarf-irlls  in.  go 
Kiclihorst's  corpuscles  in.  <>o 
endoglobiilar  changes  in  blood  in,  39 
macnKVtes  in.  92 
megalo(>lasts  in.  g2 
megalocxtes  in.  in) 
nucr<H\tes  in.  qo 
niotilitvoi  K'tl  cells  in, 81) 
necrosis  of  red  cells  in,  92 
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Anemia,  Mcondary.poiknocyUMit  to,  89 

red  cells  to,  89, 9a 

rouleftiix  forautkm  to,  88 

•etiistocytcf  to,  oo 

shape  of  red  celk  to,  89 

sise  of  red  cells  to.  89 

viscosity  of  blood  to,  88 
splenic.  13a 
Ancsthesls,  leukocytosis  of,  10s 

polycythemia  from,  85 
Angina,  ulcerative  stomatitis  with,  saliva  ta« 

455 

Anguillula  accti  in  urine,  S98 

stercoralb  to  blood,  143 
Anhydremia,  blood  in,  83 
Anilln-centian-violet  for  tubercle  bacilli,  440 
Animaljium  to  urine,  zx 

inocufiulon  with  blood,  no 

parssites  to  feces,  383.    See  also  JmUsimmi 

in  pus,  497 
to  urine,  393 

Stiles*  key  to,  399 
in  vaginal  sccretira,  484 

*  of  tone,  435 
Anise-seed  oilTleukocvtosb  from,  103 
Ankylostoma.    See  Imcimaria, 
Ankylostomiasis,  415 
Anthracosis,  sputum  in,  449 
Anthracotic  sputum,  430 
Anthrax  bacilitts  in  pus,  497 

bacteria  in  blood  in,  in 

blood  in,  139 
Antifebrin  in  urine,  39^ 

sulphates  in  urine  and,  i8s 
Antimony  in  urine,  356 

leukocytosis  from,  104 
Antipyrin,  color  of  urine  and,  syi 

in  urine,  256 

leukocytosis  from,  104 
Antistreptocolysin,  118 
Anuria,  169 

physiologic,  169 

toxic.  169 
Appendicitis,  blood  in,  137 
Arabinose  in  urine.  338 
Arnold's  test  for  diacctic  acid,  143 
Arsenic,  glucosuria  after,  335 

in  urine,  256 

leukocytosis  from,  104 
Arthritis,  intermittent  glucosuria  of,  326 
Articular  rheumatism,  acetonuria  in,  24a 
Artificial  li^ht  for  microscope,  18 
Ascaris  canis.  414 

in  nasal  secretion,  467 

in  siiutum.  437 

lumnricoides,  414 
in  blood,  143 
in  urine,  797 

mystax,  414 
AsfHrrKillosis,  fungi  of,  in  sputum,  437 
Asi>erKil]us  fumigatus  in  sputum,  437 
•n  urine,  301 
pneumom\iosis  and,  437 

in  sputimi.  437 

in  urine. 301 

nif;er  in  ear  discharge,  469 
in  sputum.  437 
Aspiration  with  stomach-tube,  313 
Asthma,  atetonuria  and,  242 

brc)nchial,  sputum  in,  445 
Auditory  canal,  discharges  from,  468 

larvie  in  discharges  from,  470 
Axial  light.  \X 
A/tx'STiermism,  4^0 


Racii.i  I,  at  id-fast.  <iifTerentiation.  441 
Hat  lUus  coll  communis  in  urine,  307 
colon,  Widal  reaction  and,  124 


Bacillus  dytemcfkn,  WMal 
134 

fcbrte  taakrica.  WUal  icscttoa  and,  U4 
f  Qsilonn  in  saliva,  455, 4^ 
grass,  Modler*8,  tabnclt  hacOlBa  and.  dlf- 

fcrnitiatioa,  441 
Klebs-Lfifllcr.  in  sputum,  44s 

Koch-Weeks',  473 

lepra.    See  Baeuhu  ^Itprm^y, 

mallei, ditfasfi  fomidta, ^ 

'jk  nasal  sectetioB^  ^fA 

m  pus,  497 

Widal  rcactioo  and,  135 
mesenterkns,  Widal  leactioo  and,  U4 
of  anthrax  in  pua,  497 
of  Boas-Oppler  in  listrk  floid, 
of  bubonic  plague,  wUal  react 
of  butter,  tubmie  bacOlns  and, 

of  Dfiwncin  to  vaginal  secictioa,  4BX 

of  dysentery,  381 

of  Friedlindier  to  nasal  secietJOB,  467 

in  sputum,  445 
of  gbmders,  diseases  fbond  to,  516 

in  pus,  497 

Widsl  reaction  and,  135 
of  influenia  to  sputum.  443 
of  leprosy,  Bacillus  tubemdosia  and,  dU^ 
lerentMition,  441 

in  blood,  140 

in  nasal  secretion,  467 

in  pus,  497 
of  ozena,  ^ 
of  Shiga,  381 
of  smema.  Bacillus  tuberculosis  and,  di^ 

ferentiation,  44s 
of  tetanus  in  pus,  497 
of  typhoid.    See  MmcHhu  Mkosms, 
of  Vincent  in  saliva.  455, 4«r 
plague,  Widal  reaction  ana,  134 
proteus  vulgaris  in  urine,  307 

Widal  reaction  and,  13$ 
pyocyaneus,  green  urine  from,  170 

in  urine,  307 

Widal  reaction  and.  133 
subtilis  in  gastric  fluid,  350 
tubercutosttf  anilin-gentian-vlolct  for,  440 

butter  bacillus  and,  differentiation,  441 

diseases  found  in,  516 

in  feces,  3S0 

in  milk,  519 

in  nasal  secretion,  466 

in  pus,  494 

in  sputum.  438-442 
in  anthracosis,  449 

in  urine.  303,  307 

lepra  bacdlus  and,  differentiation,  441 

Moeller's  grass  bacillus  and,  differentia- 
tion. 441 

smegma  bacillus  and,  differentiation,  441 

Wiclal  react itm  and,  125 
typhosus  culture,  for  Widal  reaction,  119 
'  in  feees.  3S1 

in  iias;il  set  ret  ion,  467 

in  urine.  305 

Widal  reaction  for.  118.    See  also  IVidal 
traction  in  typhoid. 
Bacteremia.  107 
Bacteria  in  bltKKi,  iii,  115 

reaction  of,  iciH 
in  bone-marrow,  115, 1x6 
in  feces.  3H0 
in  gastric  nuitents.  350 
in  milk.  519 
in  s;tli\a.  454 
in  scineii.  4S0 
ill  *.piitum.  43>^ 
in  urine.  3«>i.  3<>? 
in  vaginal  secietit>n.4hi,  483 
Bacteriolog)  of  bltnid,  107 
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Bacteriuria,  501 
Bail's  test  for  pentosuria,  358 
Balantidium  coli  in  feces,  395 
in  pus,  497 
in  sputum,  436 
Barber's  itch.  509 
Barford*s  reaf^ent,  542 
Bariuni-chlond  mixture.  191 
Basic  capacKy  of  blood,  64 
Basophilia,  granular,  gi 
Basophils  in  myeloid  leukemia,  131 

polynuclear,  96 
Baths  and  phosphates  in  urine,  i8a,  183 
Beakers,  nest  ol,  184 
Beef  tape-worm,  399 

in  blood.  147 
Belladonna,  leukoc>-tosls  from,  104 
Eence-Jones*  albumose,  aiK 

Boston's  test  for,  187,  1R8 
Bicarbonate  of  soda,  leukocytosis  from,  104 
Bile  acids  in  urine,  239 
in  gastric  contents.  351 
in  urine,  239 
in  vomit,  354 
Bilharzia  hsrmatobia,  eosinophilia  from,  106 
in  blood,  147 
in  sputum,  436 
Biliary  acids  in  blood,  69 
in  blood  serum,  69 
in  feces,  368 
calculi  in  feces,  376 
coloring  matter,  green  urine  from.  170 
urine,  239 
Bilious  stools,  color  of,  361 
Bilirubin  crystals  in  urine,  270 

in  blood,  69 
Biliuria,  Boston's  test  for,  210 
Bismuth,  color  of  stools  and,  361 
leukooiosis  from,  104 
sulphia  cr^'stals  in  feces,  380 
Biuret  reaction,  with  peptones,  217 

test  for  peptic  digestion,  340 
Black  sputum,  430 
Blastomycetes,  512 

in  blood,  114 
Blastomycetic  dermatitis,  512 
Blastomycosis,  512 

Blennorrhea,  vaginal,  secretion  in,  486 
BkMxi.  30 
acidity  of.  64 
albumins  in.  64 
alkalinity  of.  60 
Dare's  hemfialkalimeter  for,  61 
estimation  of.  61 
Lowy's  estimation,  61 
aJoin  test  for,  355 
altitude  and,  86 
Anguillula  stercoralis  in,  143 
animal  inoculation  with,  no 
Ankylostoma  duodenale  in,  143 
Ascaris  lumbricoides  in,  143 
bacteria  in.  108,  in- 115 
bacteriology  of,  107 
basic  capacity  of,  64 
beef  tape-worm  in,  147 
Bilharzia  hsrmatobium  in,  147 
biliary  acids  in,  69 
bilirubin  in,  69 
blastomycetes  in,  11^ 
Cabot's  rinf^-bodies  in,  91 
centrifugalizing,  38-40 
character  of,  37 
coagulation  time,  41 
collection,  j^ 
for  hacteriologic  study.  109 
for  Widal  reaction,  ii'S 
color  of,  46 
colorimetry  of,  46 

corpuscles' of.  red.    See  Red  corpuscles. 
while.    See  Leukocytes. 


Blood,  cover-glass  preparations,  fixing,  74 
crescentic  bodies  in,  162 
cryoRcopy  of,  70 
cultures.  109 

Dare's  hemoglobinometer  for,  46 
decoloration  of,  in  secondary  anemia,  89 
degenerated  leukocytes  in,  98 
diastatic  ferment  of,  70 
Distoma  htrmatobium  in,  147 
Dracunculus  medinensis  in,  149 
dust,  100 

Eichhorst's  corpuscles  in,  90 
endoglobular    changes    in,    in    secondary 

anemia.  89 
examination,  immediate,  34 

schedule  of.  144 

spectroscopic,  43 
fat  in.  66 
fatty  acids  in,  66 
fermentative  i>ower  of,  70 
fibrinogen  in,  64 
films,  no 
fixing.  74 
fluke,  bovine,  146 

human,  146 
for  hemoc\iometer,  52 
fresh,  stuuy  of,  32 
fungi  in,  114 
glucose  in,  67 
glycogen  in.  65 
guaiacum  test  for,  31 
hemoglobin  in.  64 
hyaline  bodies  in.  i^ 
hyper\'iscosily  of.  M 
hypovis<*osity  of,  89 
icteric,  64 
in  feces.  360.  372 

in  sputum  in  tuberculosis,  447,  448 
in  stools,  360,  372 

in  urine,  221,  2bi.    See  also  Hematuria, 
in  vomit,  354 

inoculation  with,  animal,  110 
inorganic  substances  in,  65 
isotonic  tension  of,  toxins  and,  108 
lepra  bacillus  in,  140 
lymphoid,  1^1 
macrocyles  in.  00 
malarial  parasite  in,  157.  See  9\io  Malarial 

parasite. 
megaloblasts  in,  92 
megalocytes  in,  90 
microblasts  in,  94 
niicrocytes  in,  90 
microftcopic  examination,  37,  77 
myelocytes  in,  97 
neutrophils  in,  transitional,  98 
normonlasts  in,  93 
olein  in,  66 
osmosis  of,  73 
oval  bodies  in.  162 
Oxyuris  vermicularis  in,  143 
palmitin  in,  66 
l>arasitic  diseases  of.  143 
pathology-  of.  si>ecial,  126 
peptone  in,  64 
pigmented  bodies  in,  159 

extracellular,  162 
Plasmoilium  malariar  in.  157.      See   also 

Jitalut  ial  pat  asite. 
pork  ta|)e-w<>rm  in,  147 
prothromhi  in.  64 

red  corpuscles  of.    See  fCed  corpuscles. 
reports,  (.linical.  33 
segmenting  iKKlies  in.  160 
serum,  biliary  acids  in,  6»* 

glohulicidal  proi>erttes  of,  70 

toxicity  of.  70 
serum-alhiimiti  iti,  164 
st-rum-Klohuliii  in,  64 
slides,  fixing,  74 
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Blood  slides,  tnonntioc,  80 

■pecial  patholosy  of,  ia6 

specific  gravity  of,  40 
lienioclobin  mna,  40 
<  spectra  or  43 

spheric  bodies  ixi,  169 

sulned.  study  of.  74.  n.  7«  .       _ 

stmms  for,  76,  1x0.    See  also  Slmms  for 
.    blood. 

stearin  in.tf 

StroagykMdes  intestinalb  in,  143 

suppurative  organisms  in,  s  13, 1x4 

T«nia  saginata  in.  147 

Teichniann*s  test  for,  31 

tests  for,  31 

transitional  neutrophils  in,  9B 

Trichina  miralis  in,  146 

TridMcepnalus  dispar  in,  143 

trypanosoma  In,  152 

Turck's  stimulattng  forms  in,  9B 

Uncinaria  duodenale  in,  143 

urea  in,  6« 

uric  acid  In,  ^ 

viscosity  of,  89 

volume  of.  31 
Blood-casts  m  urine,  984,  387 
Blood-cells,  life  of,  37 
Blood-corpuscles,  counting,  51, 34 
01iver*s  hemocytometer,  38 
Thoma-Zeiss  imitnunent,  ss 

in  feces,  373 

red.    See  Red  corpuscle*. 

Thoma-Zeiss  method  of  counting,  53 

white.    See  Leukocytes. 
Blood-lancet,  Daland's,  34 
Blood-plates,  xoo 
Bloody  sputum,  430 

urine,  xto 
parasites  in,  397 
Blotting-paper  test  for  hook-worms  in  feces, 

387 
Blue-bottle  fly  in  feces,  4x1 
Boas*  aspirator,  309,  ^\o,  313 

estimation  of  pepsinogen,  337 

test  for  lactic  acid,  346 

test-breakfast,  316 
Boas-Ewald's  test -breakfast,  315 
Boas-Oppler  bacillus  in  gastric  fluid,  350 
Body  fluids,  Widal  reaction  with,  123 
Bone-marrow,  bacteria  in,  115,  116 

extract,  leukocytosis  from,  104 
Boric  acid  cryslafs  in  urine,  267 
Boston's  method  for  specific  gravity  of  milk, 

520 
for  sulphur  in  urine,  187,  188 

for  Bence-Jones'  albumose,  187,  x88 

slide  and  cover-glass  forceps,  439 

test  for  albumin,  207 

reaction  ring  in.  208,  210 

for  albumose,  210 

for  biliuria,  210 

for  globulin,  210 

for  indican,  211 

for  mucin.  210 

for  nucleo-albumin,  210 

for  peptones.  210 

for  resinous  bodies  in  urine,  211 

for  urates,  210 

for  urinary  pigments,  210 

Bothrioceplialus  latus  infection,  blood  in,  147 

liguloides  in  urine,  300 

Bollger's  test  for  glucosuria,  229 

Bovine  blood  fluke,  146 

Breath,  moisture  of,  533 

Bromid  of  potassium,  alkaline  phosphates  in 

urine  and,  182 

sulphates  in  urine  and,  185 

Bromin  in  urine,  256 

Bronchial  asthma,  sputum  in,  445 


BronchitiB,  spatom  in,  A&t  444*  44^ 
BroachopiiennKmia,  spatom  m«  445 
Bronchoithea,  444 
Brownian  iix>veraents  in  seoosidary 

Browning's  spectnwcoM,  4^  44  ^  , 
Bubonic  plague,  bacteria  in  Mood  in,  114 

blood  in,  X39 

nasal  secretion  in  467 

Widal  reaction  in,  xa4 
Bnocal  secretion,  453.   See  ahm  SbIml 

clinical  significance  in  diifasf.  534 
Buret,  i8x 
Bums,  blood  in,  85 

Batter  bacillus  and  tubercle  bacHlm,  441 
Butyric  add  in  feces,  368 

in  gastric  contents,  source,  34a 

in  urine,  sso 

tttX  for,  343 


Ca»ot*s  ring-bodies,  91 
Cadaverin  in  urine,  334 
Cafiein,  glucosuria  after,  ass 

leukocytosis  from,  xot 
Calin-Mehring  method  for  eatimattng  fitt 

acids,  McNaught*s  modificmtiiMi,  343 
Calcium  carbonate  in  urine,  377 

oxalate  in  urine,  369 
amorphous,  in  urme,  374 

phosphate  in  feces,  379 
in  uHne,  182,  367 

soap  in  urine,  366 

sulphate,  amorphous,  in  urii»e,  374 
crystals  in  unne,  366 

urate,  acid,  amon^Kms,  in  urlne«  375 
Calculi  in  feces,  176 
Calom^.  color  oistools  and,  361 
Camerer*s  estimation  of  purln  in  urine,  SS9 
Cammid|fe*s  rdution,  S3i 
Camphor,  eoeifiophilia  nom,  107 

leuKocytosis  from,  m 
Omcer  fragments  in  urme,  S91 
Carbcrfiyd rates,  digestion  of,  341 

in  urine,  224 
Carbolic  acid,  brown  urine  from,  X70 
in  urine,  256 
leukocN'tosis  from,  104 
Carbolic-acid  gas  in  urine.  254 
Carbol-thionin  for  malarial  parasite,  158 
Carbon  dioxid  in  feces,  364 

in  stomach,  349 

monoxid,  elucosuria  after,  225 
Carbonate  of  lime  in  urine,  277 
Carbonate-of-silvcr  test  for  uric  acid,  197 
Carbonic-oxid  poisoning,  polycythemia  froa 
88 

hemoglobin,  43 
spectrum  of,  4s 
tests  for.  corroborative,  4^ 
Carcinoma,  gastric,  acetonuna  in,  242 

of  cer\'ix.  484 
Casein,  human.  518 
Caseous  particles  in  sputum, 431 
Castor  on,  leukocy-tosts  from,  104 
Casts  in  feces,  373 

in  urine,  283.    dee  also  Renal  casts. 
Catheterization  for  bacteriologic  study,  301 
Cause's  test  for  glucosuria,  233 
Caustic  potash,  leukocytosis  from,  104 
Centigrade,  Fahrenheit  equivalents  for,  326 
Centimeters,  inch  equivalents,  526 
Centrifugal  analysis  of  urine,  189 

estimation  of  chlorids  in  urine,  189 
of  phosphates  in  urine,  190 
of  sulphates  in  urine,  loi 
Centrifuge,  electric,  with  rneostat,  38 

for  urine,  257 

hand,  38,  39 

percentage  tube  for,  189 
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Cenlrifnife,  Piirdv's  tiib««for,  189 
As<Mlimriit  tube  tor.  iMg 
water- motor.  i9q 
Cercomonas  hominis.  y^ 
in  fcce«.  jit>^ 
iiitcstinaiis,  yu 
Cerebral  deprei»sants,  alkaline  phosphates  in 

mine  and.  182 
Cerebrospinal  fluid,  500 

DipltK'occus  intracellularis  in,  502 
in  nasal  bccretion,  466 
staining;,  502 
mofiuiKitis.  diplocoi'cus  of,  502 
bacteria  in  blood  in,  114 
Cervix,  carcinoma  of,  4K4 

uUenitiun  of,  4H4 
Ci-stotlvs,  yq/h.    See  alsio  Tapf-wotm. 
Chalicitsis.  sputum  in.  450 
Chare nt-I  c\dcn  asthma  crystals,  445,  446 
crystals  in  fecrs,  379 
in  m\('loid  bl«MMl,  131 
in  nasal  secretion,  467 
in  semen,  478 
in  sputum, 433 
Chesl nut-burr  crystals,  272,  276 
Cliionyphe  Carteri,  513 
Chloral,  alkaline  phosphates  in  urine  and,  1K2 

f;:lucosuria  after,  225 
cuk(K*ytosis  from,  104 
Chkirid-of-barium  mixture.  191 
Chlorids  in  urine,  179 

centrifujcal  estimation.  i8() 
phosphates  atid  urea  and,  ratio,  193 
Chloroform,  acetonuna  and,  242 

alkaline  phosphates  in  urine  and,  182 

leuko*  yiosis  from,  103 
Chloroph>  1  in  feces,  372 
Chlorosis,  127 
Cholalic  acid  in  feces,  368 
Cholcmia,  bUKxl  in,  69 

isotonic  tension  in,  69 
Cholera,  Widal  reaction  in,  124 
Cholesterin  crystals,  245 
in  feces,  370,  379 
in  urine.  245,  272 
Chr\somyia  mascellaria,5i3 
(  hyle  in  urine,  253 
Chvloid  exudates,  493 
Chylous  exudates,  493 

clinical  siKuificance  of,  537 

urine,  -w 
Chyluria.  ^52 

color  oi  urine  in,  170 

parasitic,  253 
Cnymosin,  33h 

hydrochloric  acid  and,  339 
ChymosinoKen,  339,  340 
Ci^ar  crystals,  264 

Cipollino'h  test  for  h>drochloric  acid,  533 
Clap  shreds  in  urine,  2<4i 
Clinical  blo<xl  reports,  33 
Coagulation  time  of  blo«Kl,  41 
CoaKulometer,  Bifl's,  V3 
CottKulonic-tcr,  \Vri|{ht's,  141 
Coal-dust  in  sputum.  449 
Coating  of  tongue,  45^ 

Cocain.  alkaline  phosphates  in  urine  and,  1S3 
Cuccidi<H»is.  intestinal .  3^8 
CfMToidium  bigeminuni,  3KH 
Cochin-China  diarrhea  ^^orm,  421 
Cod-liver  oil.  lipui ia  after,  252 
Cold-baths  and  phosphates  in  urine,  183 
Collagen,  digestion  o!,  341 
Colon  Ikacillus  in  urine,  306,  307 

Widal  reaction  and,  124 
Colorimetry  of  blood,  40 
Colostrum.  517 

corpuscles.  518 
Combined  liy<lrochloric  acid  in  gastric  con- 
tents, 333 

35 
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Composite  casts  in  urine.  2R4,  389 
Concretions,  urinary.  27H 

in  fetes,  37^),  377 
Condenser  <if  mit  roscoi>e.  25 
Congi>-Te<i  test  tor  free  hydrochloric  acid,  336 

test-pitper  lor  acidity  of  gastric  contents,  322 
Conjugate  sulphates  in  urine,  estimation  of, 

1S7 
Conjunctiva,  secretion   from,  470 
Conjunctivitis,  acute  infectious,  475 

diphtheric,  474 

gonorrheal,  470 
Const ittat ion,  3^^ 

pathologii    357 
Copiier  test  for  glucosuria,  226 

lor  uric  acul,  197 
Cornea.  alHMess  of,  474 

itiHammation  of,  discharge  from,  471 
Corpuscles,  blood-.    See  tilood-corpuscles, 

colostrum.  51H 

Kichhorst's,  »io 

in  feces.  375 

red.     See  k^d  corpuscles. 

salivary,  454 

white.    See  Lrukocvtrs. 
Corrosive  sublimate,  leukocytosis  from,  104 
Counting  « bamber  of  Thoma-Zeiss  hemocy- 

tometer.  54 
Cover-glass  and  slide  force|)S,  Boston's,  439 
Cover-glasses.  \2,  34 

bUx>a,  fixing.  74 

surrounding  of.  with  cement,  28 
C(»w  and  human  milk,^is 
Crenatitm  in  secondary  anemia,  90 
Crescentic  iKxlies  in  malaria,  162 
Cresol  in  feces.  ,^.s 
Crt>cker's  method  to  detect  Tinea  versicolor, 

5" 
Croton  oil.  leukcK-ytosis  from,  104 
Cryoscopy  of  bUxxl,  70 

of  urine,  72 
Cultures,  blood,  109 

for  Widal  reaction,  119 

from  saliva.  45s,  4^1 

from  svnovial  nuid,  y>4 

from  thnuit,  461 

in  bacteriuria,  302 
Culture-tubes,  inoculation  of,  463 
Cupric  tartrate,  alkaline  solution  of,  227 
Curschmaiurs  spirals  in  sputum,  433 
Cyanosis.  bU»o<i  in.  84 
Cylindroids  in  urine.  28$.  290 
Cyst,  hydatid,  fluid  of,  4^1 

of  eyelids,  parasitic,  476 

ovarian,  4<^ 

pancreatic,  fluid  of.  491 

renal.  4<^) 
Cyslir  fluids,  488 

fixing  sediment.  489 
setliinentatioii.  48*) 
staining  sediment,  489 
C>sticercus  cellulosa.*,  399 
Cystiii  crystals  in  urine.  271 

green  urine  Irom,  170,  ^46 
Csstinuria,  170,  246 
Cystitis,  bacteriuria  in,  307 

purulent,  bliKKJ  in.  137 
C>liKliaKiiosis.  4*10,  534 

of  spinal  fluid,  538 


,    Dai. ANi>'s  armature  of  centrifuge,  39 
bliMKl-laTu  et.  34 
Hare's  liemoalkalimetcr.  t\\ 

heni«i>ilol)itM»mcte! .  4^ 
Daik  ImmIk-s  in  urine.  2-\ 
Degeneiatioii.  punctate  basi*. .  of  red  cells,  m 
Degree  of  a*  ulitN .  3^3 
DenuKlex  lullit  ulonim,  476 
I     Deiniaventor  rrtii  iilalus,  155 


546 


INDEX. 


Dermatitis,  blastomycetic,  512 

mycotic,  510 

protozoic,  512 
Dermatobia  noxialis,  514 
Desiccator,  178 
Dextrin  in  urine,  239 
Dextrose,  Barford's  reagent  for,  342 

in  urine,  224.    See  also  Glucosuria. 

test  for,  341 
Dhobie  itch,  510 
Diabetes,  acetonuria  and,  241 

blood  in,  68 

mellitus,  224.    See  also  Glucosuria. 

phosphatic,  182 
Diacetic  acid  in  urine,  243 
Diaceturia,  243 
Diaphragm  of  microscope,  17 

ins,  17 
Diarrhea,  358 

worm,  Cochin-China,  421 
Diastatic  ferment  in  saliva,  453 

of  blood,  70 
Diazo- reaction,  Ehrlich,  249 
Dibothriocephalus  latus,  402 
Dicrocoelium  lanceatum,  412 
Differential  density  test  for  glucosuria.  235 
Digestion,  gastric.    See  Gastric  digestion. 
Dihydroxyphenylacetic  acid  in  urine,  247 
Dimeth^laniido-azobenzol    for    free    hydro- 
chloric acid,  ^8 
Dimethylamidobenzaldehyd    reaction,    Ehr- 

lich's,  249 
Diphtheria  bacillus  in  sputum,  442 

bacteria  in  bone-marrow  in,  116 

bacteriuria  in,  306 

blood  in,  135 

diagnosis,  outfit  for,  462 

of  vulva, 484 

tonsillar  membrane  in,  459 
Diphtheric  conjunctivitis,  471 
Diplobacillus.  Morax-Axenfeid,  475 
Diplococcus  intracellularis  in  cerebrospinal 
fluid,  502 
in  nasal  secretion,  466 

scarlatina:  in  urine,  306 
Dipylidium  cniiinuni,  4<>7 
Distilling  apparatus,  365 
Dislotna  hienialobiuni  in  blood,  147 
in  urine,  295 

pulmonale,  4.^5 

rin^eri,  435 

sincnse.  413 
Diuretin,  glucosuria  alter,  225 
Doderlein  bacillus  ni  vaginal  secretion,  481 
Doj^  tape-worm,  4(X),  40^) 
double-pored .  407 
small,  404 
Doremus  ureomeler,  1*14 

Hituls'  modification,  i«)4 
Doujijlas'  metliot!  for  albumin  in  urine.  206 
Dourine,  i.si 
l)rac<»nliasis.  149 
nracunculu>>  mi'dinensis.  14V) 
Drepanidium.  is7 

ranarum.  155.  157 
Drug's,  effect  on  urine,  255 

leukocytosis  after,  103 
Duinh-hcll  crystals.  276 
Dum-dum  fever,  ihj 
Dwarf  cell>.  <y) 

tape-worm,  406,  407 
Dysentery  bacillus,  ^Hr 
in  feces,  ^^^i 

Wiilal  reaction  in,  \2\ 
Dysmenorrbea,  dischai^e  in,  \9jS 


Far  Klisdiar^es,  46H 
Ecliinococcus  cysts  in  urine,  2*^2 
in  pus,  4<)7 


Echinococcus  polymorphus,  404 
Ectozoa,  classification,  386 
Eczema,  ^15 

Edema  of  lung,  sputum  in,  448 
Eg>'ptian  fluke,  412 

strongyle,  421 
Ehrlich  diazo-reaction,  240 

dimethylamidobenzaldenyd  reaction,  249 

tricolor  mixture,  79 
Eichhorst's  corpuscles,  90 
Eimeria  bigemina,  3SS 
Einhom's  capsules,  314 

saccharimeter,  230 
Elastic  fibers  in  sputum,  434 
Elastin,  digestion  of,  ^i 
Electric  centrifuge  with  rheostat,  38 
Elephantiasis,  non-parasitic.  153 
Emulsion  in  albuminuria.  216 
Endomic  hemoptysis.  435 
Endocarditis,  gonorrheal,  bacteria  in  blood 
in,  114 
gonococci  in  blood  in,  114 

ulcerative,  bacteria  in  blood  in,  114 

bacteriuria  in.^ 
Endogenous  purins.  523 
English  and  metric  systems,  relations,  526 

measures,  526 

weights,  526 
Entamoeba  coli.  3S9 

histolytica,  38^ 
Entozoa,  classification.  384 

in  nasal  secretion,  467 
Eosin  and  hematoxylin,  76,  77 

and  methylene-blue  for  malarial  iiarasite, 

Eosinophiles,  increase  in,  105 
Eosinophilia,  105-107 

in  scarlet  fever,  135 
Eosinophilic  myelocytes,  97 
Eosinophils,  94,  96.  105,  107 

in  myeloid  leukemia.  131 
Epidemic  meningitis,  bacteria  in  blood  in, 

"4 
diplococcus  of,  502 
Epilepsy,  acetonuria  in.  242 

parasite  in  feces  in.  410 
Epithelia  in  feces,  374 
in  saliva,  454 
in  sputum,  43^ 
in  urinary  sediments,  27c) 
features.  2.S2 
Epithelial  casts  in  urine.  ^*^S 
Kristalis,  410 
Ericnmeyer  fl.isk,  347 
Erysipelas.  515 
bacteria  in  bone-marrow  in.  116 
bacteriuria  in,  306 
blood  in.  13S 
Erylhrasma,  512 

Ersthrocytes,  Si.     See  als4>  Krd  corfiuscUt. 
Frvthro<lextrin.  test  for,  3.^1 
Esbach's  albuminometer,  42 
estimation  of  albumin  in  urine,  211 
reagent .  522 
EstivtvaJitumnal  fever.  i6i> 
hyaline  bodies  in.  139 
parasite  of.  161,  165.     Sc  als4> /-.j/frtJsii*- 

tttmnal  ttarasitr. 
pigmented  bixlies  in,  I5'> 
parasite.  161,  165 

ria/^ellation  of,  163.  100 
staining,  15H 
Ether,  alcmiolic.  202 
glucosuria  after,  2:'> 
leukocytosis  from,  102 
o/onic,  222 
Ethereal  sulphates  in  uhne.  estimation.  187 
Euchlorhydria.  326 
Euslrongylus  gigas  in  uiine,  ^^^ 
Ewald-Boas'  lest -break  fast.  315 
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Ewald-Sievers*  test  of  motor  power  of  stom- 
ach, 318 
Exogenous  purins,  523 
External  auaitory  canal,  discharge  of,  469 
Exudates,  ^87, 493 

albumin  m,  488 

chyloid,  493 

chylous,  493 
clinical  significance  of,  537 

fixing  sediment,  489 

hemorrhagic,  49^ 

purulent.  493.    See  also /Vf. 

sedimentation,  489 

seropurulent,  492 

serous,  492 

staining  sediment,  489 
Eye.  discharges  from,  470 

trematodes  of,  472 
Eyelids,  parasitic  cysts  of,  476 
Eye-piece  micrometer,  27 


Fahrenhkit,    centigrade   equivalents    for, 

False  casts  in  urine,  284,  290 
Fasciola  hepatica,4ii 

^gypliaca,  412 

angusta,  412 

magna,  413 
Fat.  digestion  of,  342 
in  blood,  66 
in  feces,  378 
in  milk,  estimation,  531 
in  urinary  sediment,  274 
in  urine,  251 
Patty  acids,  342 

in  blood,  t)6 

in  feces,  367 

in  gastric  contents,  342 

in  sputum,  451 

in  urine,  volatile,  250 
Patty-acid  casts  in  urine,  289 

crystals  in  feces,  378 
Favus,  506 
Fecal  vomit,  354 
Feces,  356 
acetic  acid  in,  368 
after  hemorrhage,  color  of,  360 
American  fluke  in,  413 
Amoeba  coli  in,  388 
Anguillula  intestinalis  in,  422 
animal  parasites  in,  383.    See  also  Imtesti- 

nal  ^arasitrs. 
Ascaris  canis  in,  414 

lumbricoidcs  in,  414 

mystax  in,  414 
bacillus  of  dysentery  in,  381 

of  Shiga  in,  381 

tuberculosis  in.  380 

typhosus  in.  381 
bacteria  in,  380 
Balantidium  coli  in,  395 
biliary  acids  in,  368 

concretions  in,  376 
bismuth  and,  361 

sulphid  crystals  in,  380 
blood  in,  360,  ^72 
blood-corpuscles  in,  375 
blue-bottle  fly  in,  411 
butyric  acid  in,  368 
calcium  phosphate  in,  379 
calculi  in,  370 
calomel  ana,  odor,  361 
carbon  dioxid  in.  364 
casts  in,  373 
cercomonas  in,  392 

hominis  in,  394 

intestinalis  >n,3q4 
cestodes  in,  396.    See  also  Tape-worms. 
character,  357 
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Feces,  Charcot- Leyden  crystals  in,  378 
chemistry  of,  362 
chlorophyl  in,  372 
cholalic  acid  in,  368 
cholesterin  in,  370,  379 
clay-colored,  361 
coccidia  in,  3W 
color  of,  360 
coloring-matter  in,  364 
composition  of,  363 
concretions  in,  376 
cresol  in,  365 
crystals  in,  ^78 

decomposition  products  in,  364 
Dicrocuelium  lanceatum  in,  412 
Distoma  sinense  in,  413 
drugs  and,  361 
dysentery  bacillus  in,  381 
Egyptian  fluke  in,  412 

stron^yle  in,  421 
epithet la  in,  374 
Fasciola  hef>atica  in,  411 

>Egyptiaca  in,  412 

angusta  in.  412 
magna  in.  413 
fat  in,  378 
fatty,  378 

acids  in,  367 
fatty-acid  crystals  in,  379 
flagellata  in,  393 
flukes  ill.  411 
food  particles  in,  371 
formic  acid  in,  367 
gall-stones  in,  376 
gases  in.  364 
glycocholic  acid  in,  368 
goblet  cells  in,  375 
green.  361 
nelophilus  in, 410 
hematoidin  crystals  In,  375,  379 
hook-worm  in,  415 
hydrobilirubin  in,  369 
hydrogen  in,  364 
in  biliousness,  361 
in  constipation,  357,  358 
in  diarrhea,  357 
in  hook-worm  infection,  386 
indigestible  matter  in,  363 
indoi  in,  365,  366 
intestinal  calculi  in,  376,  377 

parasites  in,  383.    See  also  Imtestinai 
pat  asi/rs. 

sand  in,  377 
ipecac  and,  361 
iron  and,  361 

Japanese  strongyle  in,  421 
Laniblia  duodenalis  in,  394 
lancet  fluke  in,  412 
leukocytes  in,  375 
liver  fluke  in,  411 
Egyptian,  412 
narrow,  412 
macroscopic  constituents.  371 
manganese  dioxid  and,  361 
mastigophora  in,  392 
metabolic  products  in,  364 
methane  in,  364 
Megastoma  entericum  in,  394 
microscopic  constituents  oi^yji 
mucoid,  372 
mucus  in,  372 
Musca  vomitoria  in,  411 
nitrogen  in,  364 
odor.  359 

Opisthorcis  sinense  in.  413 
Oxyuris  vermicularis  in, 414 
Parama'cium  coli  in,  395 
parasites  in.  animal,  383,  409.    See  also  In- 

tfsftfia/  parasites. 
phenol  in,  365.  366 
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istric  contents,  total  acidity  of,  3^3 

zymogens  in.  335 
cii^cstion  of  albuminoids,  341 

of  carbohydrates,  341 

of  ct)ltaKen.  341 

of  elastin,  341 

of  tat.  342 

of  pnrteids,  340 

ot  starches,  341 

prtMlucts  of.  340 
l^icmorrhat;e.  pulmonary  hemorrhage  and, 

differentiation,  44S 
Suice.  alkaline.  324 

amount.  317 

bIoo<i  in,  354 

characteristics  of,  317 

chemic  analysis  of.  315 

examination,  3i<t,  319 

excess  of,  317 

hydr(N:hloftc  acid  in,  324.    See  also  //v* 
(//  ot'hluric  actd  in  gastt  ic  contents. 

odor.  352 

pepsin  ui.  3,«.     See  alsio  Pepsm. 

stimulating  now  of,  315.    See  also    Test- 

test-meal    to    stimulate,    315.      See  also 
'J>st-ni''ai. 
^jm ast rosuccorrhea ,  317 
^'iayle.  51 1 

^^icnital  orjfans,  secretions  of,  477 
^r»enil«>-urinary  tract,  actinomycosis  of,  301 
^^-ienlian.  leukocytosis  from.  103 
^^erhanlt's  test  tor  diacetic  acid,  243 
^.»eslaiion,  vaginal  secretion  in,  ^83 
Q^landfrs  bacillus,  diseases  found  in,  516 
in  urine,  }fyb 
hacteiiuria  in,  306 
blood  ni.  139 
nasal  se«:retions  in,  466 
pus  of.  497 

W'idal  reaction  in,  12s 
dobin.  Kence-Jones'  albumose  and,  no 
C^lobulicidal  properties  of  blood-serum,  70 
Olobulin  in  urine,  206,  214 

albumin  and.  separation,  206 
serum-,  in  b]oo4l.64 
Glucose,  j^Ivcuronic  acid  and,  differentiating 
test,  229 
in  bloo<i,  67 

in  urine,  224.    See  also  (i/ucosun'a. 
lactose  and,  differentiating  test,  229 
Glucosuria.  224 
after  Kl>ccrin,  225 
alimentary,  225 

differential  density,  test  fi>r,  235 
digestive.  226 
fumtional.  22^* 

glycuronic  acid  and,  differentiation,  329 
mterinittent.  of  arthritis,  226 
lactosuria  and,  differ entiating  test,  229 
nervous.  226 
puerperal.  225 
Kfxjue's  classification,  226 
sacchari meter  for,  230,  236 
tests  for.  226 
toxic,  225 
transitory,  225 
(Jlycerin,  glucosuria  aft»T.  iii^ 

in  urine,  Cammidge's  test,  531 
Crlycocholic  acid  in  feces,  36S 
Glycogen  in  ltlo4>d,  f>5 

in  sputum,  ^y 
Glycurunic  acid,  glucose  and.  differentiating 
test,  229 
in  urine,  23>) 
Goblet  cells  in  feces,  375 
Gonococci,  Gram'>  stain  lor,  495 
in  urine,  303.  4<)7 
methylene-bliie  for,  495 
GoncKOcci,  staining,  4'H 
Gonorrhea,  494 


Gonorrhea,  bacteriuria  in,  303 

bhxKl  in,  139 

staining,  4^4 

staphylocix'ci  in.  496 

streptoi^occt  in,  496 

urethral,  4H3 

vaginal,  4H3 
Gonorrheal  endocarditis,  bacteria  in  blood 
in,  144 
gonococci  in  blood  in,  114 
(^ooih  filter,  1H6 

Gram's  methcMl  for  gonococci,  4i>5 
Ciranular  basophiles,9i 

casts  in  urine,  2H4,  286 
(ira|>e-sugar  in  urine,  224.    See  also  67«ra- 

sMua. 
(trass  bacillus,  tubercle  bacillus  and,  differ- 
entiation, 441 
(gravimetric  estimation  of  albumin  in  urine, 

213 
Greiss'  test  for  nitrites  in  saliva,  454 

(tuaiacum  test  forbl(M)d,  31 

fur  hemoglobinuria,  222 

Ctuanin  in  urine,  200 

(xuinea-worm,  149 

(fUm  in  urine,  231^ 

(>unning's  mixture,  Ui*i 

(lijnzburg's  method  for   examining   gastric 

juice,  319 

H^MAMCKRA,  I.S4 

Ilarmogregarina,  15s 

Haldane-Smith  method  for  estimating  vol- 
ume of  blou<l,  31 
Halteriilium,  i5<),  156 

Danilewskyi,  154 
Ilammerschlag's  method  for  estimating  pei>- 
sin,  337 
for  specific  gravity  of  bloo<l,4o 
Hand  centrifuge,  3?*,  3«> 
Hay  em's  solution,  52 
Hay-fever,  nasal  secretion  in,  46^ 
Heart  disease,  organic,  sputum  in,  449 
Heart-disease  cells,  44c> 
Hehner-Seemann's     estimation    of    organic 

acids  in  sti)mach.  343 
Heller's  test  for  hematuria,  221 
Helminthides,  eosiiiophilia  from,  106 
Helophilus,4io 
Hematin,  43 

in  urine.  223 

spectrum  of.  45 
HemattH-rit.  3S 
Hemato<-ritizatioii.  39 
Heinatoidin,  43 

casts  in  urine,  2.S<> 

crystals  in  feces, '375.  379 
in  urine,  270 
Hematoporphyrin.  alkaline,  223 
FIemato|>orj)h\  rinuria,  223 
IIematox\lin  and  eosin,  76,  77 
Hemato/<K>n  of  Laveran,  153,    See  also  Ma- 

/anal  patasit*'. 
Hematuria,  170,  221.  2S1 

malarial.  2M 

tropic,  2,'<i 
Fleini-albumose,  leukocytosis  from,  104 
Hemoalkalimeler,  Dare's.  61 
Henux  hrotnogen,  41 
Heniocylolysis,  42.  141 
HenuH  yloineter.  blood  for,  52 

Oliver's.  5H 

Thiiiiia-Zeiss.  52 
Hemogelomeler,  523 
Hetnoji»lobin,  41 

carlxMiii-oxid,  4^ 
>prctrurn  ot,  4s 
Ifsls  tot.  4S 

ill  l)l<»o(l,  '>4 

in  pernicious  anemia,  126 
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Hemoglobin  in  red  cells.  41 

in  unne,  222 

scale,  Tallquisl's,  51 
Wetherill's,  524 
Hemoglobinemia,  42,  137 
Hemoglobinomelcr,  Dare's,  46 

Oliver's,  47.  48 

von  Fleischrs,  48-51 
Hemoglobinuria,  222 
Hemokonia,  100 
Hemolysin,  117 
Hemophilia,  blood  in,  142 
Hemoptysis,  endemic,  435 
Hemorrhage  from    bowels,  color  01  stools 

after,  360  .       ^  «  •  .• 

pulmonary    and     gastric,    difierentialion, 

448 
Hemorrhagic  exudates,  493 

eosinophilia  from,  106 
Hemosiderin,  43 
Herpes  tonsurans.  508 
Heteroxanthin,  196 
in  urine,  iq6,  200 
Hippuric  acid  in  urine,  20X 
Hippuric-acid  crystals,  202 

m  urine.  271 
Histon.  Bence-Jones'  albumosc  and,  220 

in  urine.  223 
Hodgkin's  disease,  132 
Honey-combed  ring-worm,  506 
Hook-worm.  415 
disease,  386,  415 
in  feces,  187,  415 
old-world,  416 
Hot  baths  and  phosphates  in  urine,  182 
Human  blood  fluke,  146 

milk,  518.    See  also  Milk. 
Humidity,  Quantity  of  urine  and,  168 
Hyaline  bodies.  iy» 

casts  in  urine,  284,  285 
Hydatid  cyst,  fluid  of.  491 
parasite  of,  404 
in  sputum,  437 
Hydremia,  blood  ni,  83 

m  chlorosis.  128 
Hydrobilirubin  in  feces.  369 
H^drochiiion  in  urine,  2s6 
H><lrochloric  acid,  combined,  in  gaslnc  con- 
tents, 333 
glucosuria  after,  225 
in  ji^asiric  contents.  321 
chymosin  and.  33^ 
Cipollinos  test,  533 
conibine<l,  332.  333 
Congo-red  les^l  lor,  330 
(iimelh\lami(lo-azohcnzol  for.  328 
gernii(  Mlal  power.  327 
Mohrs  test  for,  331 
pe|>sin  and.  335 

phlorogliu  in-vanillin  test  for,  329 
resofi  in  test  for.  32<) 
test-papers  for,  329 
tests  for.  32S 
tropu'olin  Icst  for,  331 
Hydrogen  mi  feces.  364 
in  stoma(  h.  3.JM 
suli)huieti'd.  in  stomach.  349 
in  urine.  2S4 
Hydronephiosis.  tliiid  of.  4ck> 
H\dio<iuini>n.  brown  urine  from.  171 

in  urine,  2s6 
H\<lrothi«innria.  254 
Mydroxybutv  tic  a»  id  in  iitine.  240 
Hymem»lt[)is  dimnmta.  407 

nana,  ^<.)(^ 
H>peracichty  of  gastric  conleiils.  324 
Hy|)erchlorhy(lri;i.  32^ 
Hy|>erisotonic  flni<is,  73 
Hyperviscosity  of  bl(K>d,  88 
Hypisoionic  fluids,  73 
Hyi>oacidily,  324 


Hypobromite  method  for  estimating  urea  in 
urine,  193 
solution,  193 
Hypochlorhydria.  326 
Hypodcrma  bovis  in  keratitis,  47a 
Hypodermoclysis,  73 
Hypoeosinophilia,  107 
Hypoleukocytosis,  104 
Hypoviscosity  of  blood,  89 
Hypoxanthin  in  urine.  200 


Icteric  blood,  69 

Illumining  microscope,  18 

Impetigo  contagiosa,  514 

Inches,  centimeter  equivalents  for.  526 

Incipient  phthisis,  sputum  in,  447 

Indican  in  urine.  538 

Boston's  test  tor,  211 
Indigo  in  urine,  277 
Indol  in  feces,  365.  366 

in  sputum,  451 
Infectious  diseases,  acute.  133 
Inflammation  of  external  auditory  canal,  para- 
sitic discharge  from.  46Q 
Influenza  bacillus  in  sputum,  443 

blood  in,  138 
Infusoria  in  urine.  300 
Inhibition,  Widal  reaction  and.  123 
Inoculation,  animal,  with  bkKxl.  no 

of  tubes,  463 
Inoreanic  sediments  in  urine,  260 

substances  in  blood,  65 
Inoscopy,  49* 
Inosite  in  urine,  239 
Intestinal  calculi  in  feces.  376,  377 
coccidiosis,  388 
concretions  in  feces,  376,  377 
parasites,  383 
Amoeba  coli,  388 
Balantidium  coli.  395 
blotting-paper  test,  387 
cercomonas.  392 
hominis,  394 
inleslinalis,  304 
cest odes.  306.     Sec  also  Ta/>f-wopms. 
classification.  383 
coccidia.  38^^ 
diagnosis,  3S6 
cctozoa,  classification.  38/> 
entozoa.  classification.  3S4 
examination  of  feces  for. 386 
flagellala,  3*^2 
flukes.  411 
helophilus,  410 
Lamblia  duodenalis.  3«>4 
macroscopic  examination  of  feces  for.  386 
magnifier  for  stud>  of.  386 
masligophoia.  3«>2 
Megasloma  entericum.  304 
microscopic  study  of  feces  for,  3>^7 
Paramcecium  coli.  3Q.S 
pioto/.oa.  classification.  383 
quest it»nable  species.  409 
rhizorMxia,  38S 
rouno-worms,  414 

tape-worms.  3c<6.    See  alst>  Tiipt-u.o»ms. 
tetramitina.  y-)2 
trematodes.  411 
trichomonas,  303 
sand,  377 
lodid  of  potassium.  gluc«»suria  after,  325 
in  urine,  25'> 
'    lodin  in  urine,  255 
'       test  for  bile  in  urine.  240 
I    l|K-cac,  <-olor  of  strK>ls  after.  361 
I    iris  diaphragm.    17 

in  study  of  urine.  2.sS 
Iron,  color  of  stools  and.  3f>i 
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Iron  in  sputum.  450 
Isotonic  salts,  73 

tension  in  cholcmia,  60 
of  blood,  toxins  and,  106 
Itch,  barber's,  509 

dhobie.  510 


Japanksk  stron{prle,  421 

Jaundice,  blood  in,  169 

jaworski  test  for  absence  of  pe(>sin,  337 

Jaworski-Karc/vnski  test  for  blood   in  feces, 

Jenner's  stains  for  bloo<l,  77,  7K 

Karc/ynski-Jawokski  test  for  blood  in  feces, 

360 
Kejj  crvstaK,  265 
Kelluiff's  ici»t  for  lactic  acid,  546 
Keratitis,  discharge  of.  471 

Hypoderma  bovis  in.  472 
Keratoconjunctivitis,  473 
Keratomycosis.  473 
Keratosis  of  phar>nx,^6o 
Kidney,  cyst  of,  fluid  of,  4<>o 
Kieldahrs  metluHl  for  nitroipen  in  urine,  195 
Klebs-L<)ffler  bacillus  in  sputum,  442 

in  urine,  306 
Klun^e^i  test  for  blood,  355 
Koch  flask,  lou 
Koch-Weeks'  bacillus,  475 
Kreatin  in  urine.  204 
Kreatinin,  electrii  conductivity  of,  175 

in  urine,  204 
Krcatinin-zinc  thlorid,  crystals  of,  205 


LACM<fin  pajHT,  preparation, 61 
Lactic  acid  ui  stomach,  344 
B<»as'  test  for.  346 
Kelling's  lest  for,  346 
ti-sts  for.  345 
I'ffelmann's  test  for.  345 
in  urine,  244 
Larlodensimeter,  Quevenne's,  520 
Laitoscope,  Feser's.  521 
Lactose,  j^lucose  and,  test  to  determine,  22t) 

in  urine,  23S 
Lactosuria,238 
glucosuria  and,  differentiating  test,  22«^ 
puerperal,  226 
Laiose  in  urine,  239 
Lamblia  duo<lenaIis  in  feces,  394 
Lancet,  blood-,  Daland's,  34 

fluke,  412 
Larva-  in  auditory  canal,  470 
La  vera  n  heniatozoc>n,  153 
Lead,  ^lucosuria  after,  225 

in  urine,  256 
Lead-workers,  leukocytosis  of,  101 

bloo<l.  basic  degeneration  of ,  91 ,  plate  4 
Leischman-Donovan  bodies,  525 
Lenses,  cleansing,  25.  26 
Leprosy  bacillus,  diseases  found  in,  516 
in  bloofl,  140 
in  pus,  497 

Bacillus  tuberculosis  and,  441 
bacteiia  in  blood,  112 
blood  in,  140 
exudate,  4^7 
nasal  secretion  in.  467 
Leptothrix  buccalis  in  gastric  fluid,  350 
in  keratosis.  461 
in  tartar.  450 
Leube's  method  to  determine  motor  jKjwer  of 

sunn.'ich,  31^ 
Leucin  crystals  in  urine.  267 ,  2(<9 
Leukemia,  129 
bacteria  in  1>1(n.k1  in,  115 


Leukemia,  lymphatic,  104,  139,  130,  131 
blood  in,  132 

mixed,  129 

myeloid.  129,  iv) 
Charcot- Leyden  crystals  in  blood  in,  131 
I>eukocytes,  basophilic,  96 

counting.  52,  57 
method,  98,99 

decrease  in,  104 

degenerated,  9B 
I       efiei*t  of  (layera*A  solution  on,  5a 

of  Toisson's  solution  on,  53 
I       eosinophilic,  94,  96 

in  Am<rl)a  coli,  31)2 
,       increase  in,  101.    See  also  Leukocytosis. 

in  cvanosis,  K4 

in  cfiabetes,  69 

in  disease.  96 

in  myeloid  leukemia,  130 

in  sputum,  433 
ctilor  and.  430 
I       in  urinarv  sediment,  278 
I  features,  2H2 

i.ormal,  qa 

numl>er  of,  94 

pipet  for  counting,  52 

polymorphonuclear,  94, 96 
neutrophils,  96 

lK>lynuclear,  96 
basophils,  96 

transitional,  96 
Leukocytic  shadows  in  diphtheria,  135 
Leukocytosis,  96,  101 

in  abscess.  137 

in  cystitis,  purulent,  137 

in  diphtheria,  135 

in  erysii>elas,  101,  138 

in  osteomyelitis,  137 

in  pernicious  anemia,  127 

in  plague.  139 

in  pneumonia,  133 

in  pyemia,  137 

in  rheumatism,  13H 

in  scarlet  fever.  135 

in  septicemia,  137 

in  serous  effusions,  138 

in  suppuration,  137 

in  tonsillitis.  138 

in  typhoid  fever,  133 

in  whooping-cough,  138 

of  anesthesia,  102 

of  malignancy.  102 

pathologic,  101 

physiologic,  loi 

toxic,  102 
Leukopenia.  96.  104 

in  influenza,  139 

in  pernicious  anemia,  127 
Levulose  in  urine.  239 
Light  in  microscopy,  18 

in  study  of  urine,  258 
Lime  in  sputum,  450 
Lipaciduria,  250 
Lipemia,  66 
Lipuria,  2.SI 
Liver  fluke,  411 
Kgyptian,  412 
narrow,  412 
Lochia,  485 
Lochia  rubra.  48s 

Locomotor  ataxia,  acetonuria  in,  242 
Lofflcr  bacillus  in  nrine,  306 
Lowy  's   methfKl  of   estimating  alkalinity  of 

blo<j(l,  61 
Lud wig's  m.igiiesia  nnxlure,  529 
Ludwif^-Salkowski's  estimation  of  uric  acid, 

ig>S 
Lumbar  puncture,  yx) 
Lung,  edema  of,  sputum  in,  448 

parasites  of,  animal.  435 
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Mononuclears.  Inrf^e.Q^ 
Monostomulum  l«nti».  473 
Morax-Axenfeld  diplohacillus.  47s 
Morphin,  alkaline  phosphaten  in  urine  ami. 
182 

fclucosuria  after,  225 

in  urine.  2<}7 

sulphates  in  urine  and.  i8s 
Mountain  spotted  fe\'er.  parasite  of,  155 
Mounting  slide  specimens,  te 
Mucin  in  saliva,  453 

in  sputum,  451 

in  urine.  205".  21s,  24'> 
Boston's  test  for.  210 
differentiation.  215 
Otts  test  for,  215' 
Mucopurulent  si>utum.  431 
Mucor  corymbiter  in  sputum,  43S 
Mucous  sputum,  431 
Mucus  in  vtimil.  353 

Muller  and  Weber  test  for  hloo«l  in  vomit,  354 
Mumps.  c\to<lia)|^nosi!t  of.  5.vi 
Murexid  test  for  uric  acid,  i^/t 
Musca  vomitoria  in  feces,  411 
Mycetoma,  512 
Mycosis,  iiischarjjre  in,  4vS 

of  external  auditory  canul,  dischar>(e,  if*) 

pharynj^ea  leptothriiia,  4^0 
Mjcotic  dermatitis,  51  y 
Myel«K*\teN  97 

eosinophilic,  ^7 

in  myeloid  leukemi.i.  131 
Myeloid  leukemia.  i2«),  lyy.    Sec  also  L^ukr- 

mia,  myeloid. 
Myiasis.  513 
Myrinjfomycosis   asperi^illiiia,  discharf^e  of. 

Myxedema,  blood  in,  \\i 

Na(;ana.  15  r 

Naphthalin,  brown  urine  from,  170 

in  urine,  2y> 
Narrow  liver  fluke.  412 
Nasal  secretion,  4«^5-4'>7 

asi'arides  in,  467 

Bacillus  mallei  in,  46^ 
of  Friedlander  in,  \tr 

cerebrospinal  fluid  in,  4*^ 

Charcot -Leyden  crystals  in,  467 

DipUxroccus  intracellularis  of  Weichsel- 
bauni  in,  466 

entozoa  in,  467 

Friedlander's  bacillus  in.  467 

funj^i  in,  467 

in  bubonic  |>]aKue.  467 

in  elanders.  466 

in  nay-fever.  465 

in  leprosy.  467 

in  meninji^itis.  466 

in  oxena, 466 

in  plague.  467 

in  pneumonia.. J67 

in  tuberculosi:^,  466 

in  typhoid  fever.  467 

macroscopic  appearance,  465 

molds  in.  4^7 

oxyurides  in.  467 

patholo>(ic.  465 

pneumococcus  in.  ^«S7 

reaction.  465 

rho<lan  in.  4'>5 

Weichselbaum's   Dipl«>rorcus  iriiracellu- 
laris  in.  466 
Necrosis  of  red  cells,  oi 
Needle-holder.  RosenherKcr's.  4f»^ 
Nephritis,  acute,  bacteriuria  in.  .v>l 

cocci  in  urine  in.  vu 
Nervous  diseases.  aceionuri.i  in.  2\i 
Nevsler's  solution,  wt* 
Nest  of  beakers,  1S4 


Neutrophiles.  <^ 

polymor|>honucleat.  96 

transitional.  qH 
Newton's  rin^s,  y> 
Nitrate  of  urea,  cr>'stals  of,  !()2 
Nitric  acid,  leukocvtosis  from,  104 
Nitric-acid  test  for  Miliary  urine,  23^ 
Nitrite  of  amvl.  glucosuria  after,  225 
Nitrites  in  saliva,  454 
Nitrobenzol.  j{lucoMuria  after,  225 
Nitrogen  in  feces.  364 

in  urine,  2^ 
total,  estimation.  195 

secretion,  uu 
NitromaKticsium  mixture.  207 
Noma  of  vulva,  4S4 
Normal  bliKnl.  microscopic  examination,  77 

s;ill  solution.  73 
N«)rmobhist.  03 
Nucleated    rt-d   cells   in   pernici  lus   anemia 

\yex  cubic  millimeter,  qq 
Nucleic  acid,  leukinrytosis  from,  104 
Niiclein,  e<isinophilia  from,  107 

in  sputum,  451 

leuk(H->tosis  from,  104 

uric  acid  an<i,  196 
Nuclco-albumin.    See  Mucin. 
Nummular  sputum.  431 
N>  lander's  test  for  jflucosuria.  229 


Objkctivh,  cleansiiiji^,  26 
Oblique  liKht  in  microscopy,  iS 
Ocular,  cleansing,  25 

micrometer,  27 
Oil,  castor,  leukm'ytosis  from,  104 

crolon,  leukocvtosis  from,  lat 

of  :inise-seed.  leuktKytosis  from.  103 

of  iK'ppermint.  leukocytosis  from,  103 
Oil-immeisi«>n  t>bjective,  focusinf^,  23 
Olein  in  blotMl,  66 
Oligemia.  q4 
Oliguria,  169 
Oliver's  hemocytometer,  58 

hemoglobinomcter,  47.  48 

test  for  bile  acid  in  urine,  240 
Oiivchomycosis,  511 
Opisthorcis  sinense.  413 
Opium,  leuktHTytosis  from,  104 

poisoning,  saliva  in,  453 
Optical  sacchari meter,  236 
Organic  acids,  Ctmgo-red  test  and,  331 
in  gastric  contents.  343 

heart-disease,  sputum  in,  449 

sediment  in  urine.  27S 
Organized  casts  in  urine,  2'^4 
Osmosis,  cryoscopy  and,  72 

of  bUxxl.  7^ 
Osmotic  tension.  73 
Osteomyelitis,  hliKKl  in,  137 
Otitis  media,  <lischarge  in,  468 
Otomycosis,  discharge  of,  469 
Otl's  test  for  mucin.  215 

for  nucleo-albumin.  215 
Oval  Iwulies  in  malaria,  162 
Ovarian  cysts,  4(10 

metalbumin  test  for.  491 
Oxalate  of  calcium,  amor|>hous,  in  urine,  274 

in  urine,  265 

of  urea,  crystals  of,  192 
Oxalic  acid  in  urine.  203 
Oxalic-acid  dinthesis,  »»)3 
Oxaluria,  203.  265 
Ox\butyric  acid  in  tirine,  24J 
Oxygen  in  urine,  2S4 
Ox\ hemoglobin,  42 

spectrum  of.  44 
Owurides  in  nasal  secret  ion ,  467 

in  \agiiial  secretion,  \'\\ 
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Oxynrit  irennkafairit,  414 

in  blood,  143 

in  ttiioe.  997 
Oaena.  baclilnt  of,  467 

nuftl  MCfction  in,  466 
Osoolc  ctber,  an 


PALMiTiN  in  blood,  66 
P&ncrealic  cjrat,  fluid  of,  491 
P&ncreatin,  glacoMiria  after.  335 
PafBgonimu  Woieimanli  in  sputom,  435 
Parai>'sla  of  innne,  acetonnria  in,  142 
Paramido^cetophcnone  loliition,  343 
Paramoecium  coii,  305 

Parasites,  animal,  in  feces,  383.     See  also 
inUsimal  paratUeM, 

input,  497 
in  untie,  391 

Stiles*  key  to.  399 
in  vaginal  secretions,  484 
of  luns,  435 

in  vomit,  3<» 

Intestinal,  393 

of  smallpox,  vaccinia  and  varicella,  ssfi 

vegetable.  In  urine.  300 
Parasitic  cysts  of  eyelids,  476 

diseases  of  blood,  143 

hemoptysis.  435 
Paratyphoid  fever,  Widal  reaction  and,  124 
Paraxanthin  in  urine,  300 
Paresb  of  insane,  acetonuria  in,  343 
Parkes*  classification   of   urinary  constitu- 
ents, 177 
Passive  itaKellated  parasite,  165 
Paton's  test  for  glooulin,  314 
Pentoses  in  urine,  33B 
Pentosuria,  2x8 

Peppermint  oil,  leukocytosis  from,  103 
Pepsin,  335 

absence  of,  337 

destruction  of,  335 

HammerschlagV  method  for  estimating, 

hj^rochloric  acid  and,  333 
1aworski*s  test  for  absence  of,  337 
leukocytosis  from,  104 
tests  for,  3«6 
zymoj^eii  <i!.  ws 

Pcptoiu"  ill  )>1<hm1,  (\^ 
in  s|Mitutn,  4SI 
in  urine,  217 
liinirt  ri'ailiofi  with.  217 
Hoston's  lr>i  l(ir,  ^m 
Salkowski's  lest  tor,  217 
Icukiii  \t<>sis  ironi.  i«i4 
soun  f  <»1.  .;ti 
Pernu  iou^  antMiiin.  i^''» 

lolor-indrx  ot  IiKkkI  in.  I2<> 
•  liffvrt'Mtial  <liaj»jn«»sis.  12S 
lu'niti^lotiin  in,  \itt 
Icukoi  \tnsis  in,  i.'7 
lcuk<>(M-iiia  in,  127 
luulralrd  lid  «  rlls  in.  127 
(•x\;;<n  nt   IiIcmkI  in,  I2f> 
|Miikil<M  N tiisis  in,  127 
I<'<1  I  oipUM  Ifs  in.  12^) 
tf«tli  in.  4<,i» 
IVrtu».sis.  li|«Mifl  in.  t  ^S 
iN'tn  ilish  tot  tixuiK  l»l»»<»<|  sprcaiU,  7t 
iNitrnkoit-rs  t<"»t  liir  liiliar>  at  i<ls  in  hUnKl 
••(■runj.  '»♦ 

ni  fri  fs.   V"*! 

I')iar\nv;(>ntM  i»ms  Icptothrit  ia.  4^») 
I*liai\nx.  k<-Tat(>sis  (i|.  .^rai 
l*h«-niil  Ml  t«i  IS.  31.5.  \t^\ 

in  spiituin.  4^1 
riH-ii\  lli\<li:i/in  trst  f<»r  alkai>tonuria.  247 
Jot  x;Iu<  n^iina,  22«i 


PhlcgHioo,  499 

Phloridxia,  giacoaiirk  after,  i^ 

Phloroglncin  test  for  patoairia,    ToOctiV, 

PUorariacin-vaoillhi  test   for  -  free   bydro- 

chlonc  acid,  339 
Ptiosphate,  awotikMaagMealwai ,    in  nrliMiv 

In  feces,  379 
in  urine,  i8i.  367 
alkaline.  181,  183.    See  alM>  VIHme. 

pkmiet  M,  mikmlnutm 
earthy,  181,  183.    See  also  VHm^^ 
pkmi€9  m,  fHky, 
of  calcium  in  feces,  379 

in  urine,  367 
of  nia^[ne8inm.  basic.  In  orliic,  971 
triple,  in  alkaline  urine,  375 
in  feces,  379 
in  urine,  371 
Pbosphatic  earths,  basic,  la  ufne,  377 

Phoaphoricacid,  alkaline plHMpliatem  In  nria* 

and,  183 
in  urine,  181 
Phoqihorus,  eosinophilia  from,  107 

glucosuria  after.  333 

poisoning,  polycvtbenia  fron,  88 
Phthisis,  acetonuria  in,  343 
Picric-acid  test  for  glucoaaria,  939 
Pigment,  bkMxl,  spectroscopic   examinntioa 

for.  43 
Pigmemed  bodies,  extracellular,  163 
in  estivo-autumnal  fever,  160 
in  malaria,  159 
in  quartan  fever,  160 
in  tertian  fever,  160 
Pigments,  urinary,  Boston's  lest  for,  aio 
PiK  crystal.  27* 
Pilocan>in,  eosinophilia  from,  107 

leukocytosis  from,  104 
Pinta,  513 

Pipet  for  counting  corpuscles,  53 
Piroplasma,  155 

Pirosoma  bigeminum,  im*  >55>  i^ 
Pityriasis  versiccrior,  311 
Phidi,  1^1 
Plague,  bacteria  In  blood  In,  114 

blood  in.  139 

nasal  secret  ion  in.  467 

Widal  r(.>:irti(>n  in,  124 
Plasma,  fstimation,  3S 

t>smotic  piitpvtties,  273 
IMasnitHliuni   nialari;i.>,  157.    Scr  alM>   Afaia- 

t  till  pat  asitf. 
I'lfhn's  iiKth<Kl  for  malarial  |iarasites.  lyi 
PiicuniortHTiis,  capsule  of.  stain  ft»r,  444' 

in  nas;il  stiri'ti<»n.  4^7 

in  stiiituin.  444,  4Vi 

Wnlal  \KM  tioii  and,  125 
riifUiiKN  oiiiosis.  sputum  in.  44^ 
I'lu-unionnoisis.  As|M*rKillus  fumiicatus  and, 

437 
Pneumonia    atctonuria  in,  242 

lKt(.t<.ii,i  111  IiIimkI  in,  153 

])I<kkI  ill,  i;^ 

iias.il  sii  iftion  in,  467 

sjiiituin  in.  44^ 

\Vi<lal  ic.u  tion  in,  125 
P(Kloph>lliii.  ]<-uk<H  \  tosis  from.  104 
Poikilo*.  \t« .  «»i) 
P«>ikiliH-\tosis  ill  pi'i nil  ious  anemia,  127 

in  si-(  iiiKl.il  \  antinia.  S< 
Poisons  in  stoni.K  It.  tiilH*  for  icmo\al.  314 

in  uriiif,  2V> 

|>o]v«-\thrii)i.i  from.  KS 
lViIaii».t  o|M-  toi  -uj^:ir  in  uriiif.  2.W).  23*1 
Pi'lari/iiiv;  s.h  i  h:tiinu-ti'r,  2}f^ 
Pol\<  luiiin.ilopliilia.  t|i.  <j3 
Pi»I\l  NtluniKi,  *^t 

lioin  aiK'-llu'-ia.  >'«i 


'»";;S...«i'«!„.„j.fc 

tod"""/"  ■"*'■" 

In  Ml""""'" 
In  «nn«.  *^,^ 


I  pJl,noi«>' 
1  ryioV'ti 


"JH^phBiM  1"  ■  Quini" 
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cnnulu,  )B4,  M6 
E«DBtokiiii.ies 
brallM,  A4.  i§5 
■muitliiK,  an 

prCMTvatloa.  159 
unoifuiicil,  •8s 


lot  lor  free  hydrochloric  acid,  ua 
Xlubdilto  nnlUlH  in  lUine,  w 
KbanuHMe In  nritw.  ijB 
RbcotUU  and  electnc  ccdIiUii(c,  jR 
Rhnmattooi,  aculc  atlicolu,  accloiniTte  in. 


KtiadBn  In  nasal  Mcietlon.  4A5 

tumtkblc  fuT,  14 
Rlng-motm,  honey-coniiied,  511* 

Rocky-Mountain  'licli.  ijs 
Koque'icl»t<fii-alianorjttuco5uria,>j6 
KoMnberECr'*  n«dIc-bciM«.  »<>i 
fionkdix  lorniuion  In  Hcondary  ananka.  BS 
Xounil'WDrnis.  414 


SuHyg( 
Rjan  >n 


>1  (or  gliico 


(or  alkaptonuria,  147 
optical,  Ij6 

s.5haiSijs;iLri. 

Salicylate  ol  (odium,  bu 


epUhella  in 
lusHonn  ba 


in  opium  poisonii«.4.<y 
fconorrheal.  457 


potatalum  niM  m.  4ss 

BplrtlISS;  ffvincrnl  In.  4SS.  4.* 
»uprin.«J, 
BUbhocyanid)  ui.  lu 
Vincenl's  iplrillum  lu.  *«.  !.■* 
Salkowiki's   euiKiatlnn    uT  uMI 


S«lol  In 
Salnr'i  .„ - 

Saiul,  Intestinal, 


'rV"lo< 


ull  In  EUUic  Ruld,  ]SP 

Sarcotna^  eoalnaphll^  Inmi,  106 
Scammony.  Irukucyiodt  from.  tH 
Scatlel  level,  aceionurla  In,  341 
bacteria  in  bone-mairow  in.  lli 


pboaphatei     in     urii 

mia.  Si,  n 
1  ol  urine.  257 

I  ct  malaria,  tto 


1B3 
Secondary  ai 


of  quartan  fev 

ta^wririn  4«o 
Charcot -Linden 
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Simon's  estimation  of  hippuric  acid,  203 
Skatol  in  feces.  365,  366 

in  sputum,  451 
Skin  diseases,  506 
Sleeping  sickness,  153 


Slides,  .\5 
lieansinj;. 


blood-hxinf^.  74 

I.  y 

labels  (or,  Ho 

m<iunted.  ringing  of,  38,  J9 

mounting,  80 

preparation,  33 
Small|x>x,  blood  in,  136 

parasite  of,  536 
Small's  stain  for  gonoccKci,  405 
Smears,  blood,  35 
Smegma  bacillus.  Bacillus  tuberculosis  and, 

dinereiitiation,  441 
Sinith-IIaldanemethfxl  for  estimating  volume 

t>f  blood.  31 
So:<()S  in  urine,  266 
S<Mla  bicarbonate,  leukocytosis  from,  104 

urate  of,  leukocytosis  from,  104 
So<lium  clilorid  in  urine,  179 

hydrate  solution,  normal,  333 

in  urine.  177 

salicylate,  sulphates  in  urine  and,  1H5 

urate,  arid,  in  urine,  273 
Si)ecific  giavity  beads,  ip,  174 
SiKH-imens.  measuring  of,  36 

ringing  of,  28 
turntable  for.  2»j 
Speclia  c»f  blood,  4 

<»f  CJ    " 

of  hcmatin.  4s 


I 


i,43 
id  hei 


of  carbonic-oxid  hemoglobin,  45 


of  hem(»glohin,  carbon  ic-oxid,  45 
Te<iuce<l.  45 

of  methemoglobin.  4s 

t>f  oxvhemoglohin.  44 

ot  reduced  hemogU>l>in,  45> 
Si»cctr«»sc<>|)e.  Browning's.  43.  44 

in  tesling  for  hUKxl,  4s 
Si>et  irosi  (»pic  study  of  blood,  41-43 
S|KTinato/oa,  47ii 

absciK  f  «if ,  4K0 

III  urine,  291 

of  mammals,  47*) 

prcserxaiion.  477 

stains  for.  4R0 
Spheric  bodies  of  malaria,  162 
Spinal  fluid,  cytologic  study,  ^jfi 
Spirillum  of  Vincent  in  saliva,  455,  456 
Spleen  extract,  leukocytosis  from.  104 

removal  of.  eosinophilia  from,  lob 
Splenic  anemia,  132 
S|x»nilation  of  malarial  parasite,  161 
Si)orules  of  malaria,  ifti 
S|)otted  fever,  mountain,  parasite  of.  155 
Spniy,  thfoat,  collection  of,  427 
Sputum,  420 

actinom>ce5  in,  437 

albumin  in,  serum-,  451 

AnurlKt  coli  in,  436 

anthracotie.  430 

as*  a  I  ides  in,  437 

^S^rgillus  fumigatus  in,  437 
nigrr  in.  437 

bai  ilhis  <if  Hrietllander  in.  445 
tul>eiculosis  in.  438 

bacteria  in. 43H 

Kalaiitidium  cf>Ii  in.43h 

iMlliar/ia  in.  436 

ht.'K  k.  4  v> 

hl<M»d  in.  in  tuljerculosi*;.  447.  44H 

bjlHKiv.  4V> 

hroiK  hial  spirals  in.  4.U 
tastiiu*.  i>;irticles  in,  431 
casts  in.  4^\3 
chaTa<  tenstics  of.  42S 
Chanot-I.eydefi  crystals  in   ,\j 
asthma,  445,440 


Sputum,  chemic  study  cf,  450 
coal-dust  in,  449 
collection,  426 
color.  430 
cup,  426 

Curschmann  spirals  in.  433 
diphtheria  bacillus  in,  442 
Dibtomum  pulmonale  in,  435 

ringeri  in,  435 
elastic  fibers  m,  434 
epithelia  in^  433 
fatty  acids  in,  451 
ferments  in,  451 
fibrinous  coa^ula  in,  4^2 
Filaria  sanguinis  hominis  in,  437 
Friedlander's  bacillus  in,  445 
fungi  in.  437 
glycx>gen  in,  451 
gray.  430 
^reen, 430 
III  anthracosis.  440 
ill  asthma,  bronchial,  445 
in  bronchial  asthma.  445 
in  bronchitis,  443,  444 

putrid,  44<S 
in  bronchopneumonia,  445 
in  chalicosis,  450 
in  edema  of  lung,  44S 
in  endemic  henio(>tysis.  435 
in  heart  disease,  organic,  449 
in  organic  heart  disease,  449 
in  pneumoconiosis,  449 
in  pneumonia.  44<< 
in  {mlmonary  abscess,  445 

gangrene.  446 

tuberculosis,  447 
in  putri<l  bronchitis,  446 
in  siderosis,  450 
in  stvcosis.  450 
indol  in,  451 

influenza  nacillus  in,  443 
iron  in,  4.<so 

Klebs-Lofller  bacillus  in.  44a 
leukocxtes  in,  433 

color  and.  430 
lime  in,  450 

microscopic  study  of.  43^1  4j8 
molds  in,  437 
mucin  in,  451 
mucopurulent,  431 
Mucor  corymbifer  in.  438 
mucous,  431 
nuclein  in.  451 
nummular,  431 
odor,  429 

organic  substances  in,  450 
organized  constituents  of.  4^ 
Paragonimus  Westermanii  in,  435 
I>et>tones  in,  451 
phenol  in,  451 
pneumtK-occus  in.  444,  449 
proteids  in,  451 
reaction,  430 
red  corpuscles  in.  433 
rusty.  430 
sarcitur  in,  437 

Schistosoma  h^'matobium  in,  436 
serous.  432 

serum-alt)umin  in.  4;^! 
silicates  in.  450 
skatol  in,  451 
s|>ecific  gravity,  430 
spirals  in.  bronchial,  4;v3 

Curschmann's,  433 
siaphyl<H(Hcus  bronchitis  in,  443 
stiept<K-tx-cus  bronchitis  in.  443 
T;eiiia  echinococc»is  in, 437 
tenacity.  421) 
trichomonas  in.  436 
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puiun.  lubarde  faBcillB*  ln,4SB.    Sc«  ■! 
wtii>D|iing-cons1i  prototoOD  in.  4]fi 


Sqiiibb'a  urinomeler.  in 
Su^    anllin-sciMian- 


'Mm.   (or   lobercle 

n.  for  naterial  panuUe,  t JS 

color.  M 
■iH  ■KinMOKvlin,  T6,  Tl 
foeihyleiK-UiM.  for  imlulal  parailM, 


lor  Bacllliu  inbercakwi*.  uS 
for  hacleria  in  urine.  U2 
for  blood.  76.  lie 
Ehrlich'i  trki^ot'.  n 
coin  Mid  htmatoivfia  u,  76 
filing  combined  wilb.  n 


lac  cHcbrasplmil  fluid,  s" 

(or  critic  fluids.  489 

lor  otlvoaulumnal  panulle,  i; 

for  niaria.  14B  ' 

lot  SOnoCOCCIU,  «q( 

for  nulirial  paniiie.  ij; 


lornd  corpuKle*.  ■typical,  go 
(or  renal  uMi,  ifit 

lor  tlmNU  cullures.  4fij 
for  trauadaiea,  48* 
for  irypanoioma,  lu 
forlaWclelwcilliiirijI 
for  urinary  MdlmenU.  158 
Cram**,  for  gonococci,  m 
bcauioxylln  and  eotln,  76.  77 

wilb  filing  combined,  77 
methvlenc-bfue    and    eosln.   for    1 
parasite.  i,« 

PWm'sf™™lirUT[H.3>iw,  15» 


Bou'  acpiraior  aiiachniRit.jaQ,  )ia,3t3 


iBHy,  378 
Inrm,  i» 

•*rou»,'37>  , 
Streptococcuria.  jo* 
SttcptococciB  broocbitia  in  iobIi 

iinecea,3»i 

in  gonorrhea,  496 

inpua,  4^ 

In '«"«'.  4» 

pyogrna,  i^Kua  lound  In,  51 
eryilpelalii  In  urine,  jd6 

of  F'ehrdieii.  diKapea  found  ii 
Slreplacolyiin,  117 
StrefXacoiyila.  117 
StroiinloidM  InMMloallt.  414 

In  Hood.  I4J 

Strychnin,  alkaline  ptioiphatca  I 


[iir  maUrial  narasiic,  lyS 

SliipTiyloi'ncciia  DTonchitiaiu  au 

epidi-tniidlsulbus  ill  milk,  sT 


Sulpbid  of  irisnulh  In 


I       oildiiHl.  ffitimalian. 
I    Sulphareled  bj'drogrn  i 

I    sJlpbur"!- fl^d,  Klmihu 


\ 
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Tirnia  lata  of  Liiin^.  402 
mada^scarietisis.  409 
iiiarriiiata.  400,  406 
niedi(x*aiie)1ata,  399 

blcMKl  and,  147 
liana.  406 
s»Kinata.  3vq 

in  bliM)d,  147 
solium,  yqH 
in  bUxxi,  147 
r'akosis,  blood  in,  mo 
TalUiuist's  hemoglobin  scale,  51 
rape- worms.  3«yi 
l>eel,  390 

detection  of  head,  397 
doe.  400.  406 
d*)uble-porcd,  407 
small,  4114 
dwarf.  406 
fish,  402 

hea<i  of.  396,  397 
in  blood,  147 
in  feces,  396 
pork,  398 

in  blood,  147 
progUittides  of,  396 
removal  of.  396 
segments  of.  396 
Tartar  of  teeth,  458 
Taurocholic  acid  in  feces,  368 
Tear  stone,  475 
Teeth  in  pernicious  anemia,  459 

tartar  of.  458 
Teichmann's  lest  for  blood,  31 
Temperature,  quantity  of  uruie  and,  168 
Tertian  fever,  hyaline  bodies  in,  159 
parasite  of,  160 
flagella  of,  162 
pif^mentcil  bodies  in,  159 
extracellular,  162 
Test-meal.  315 
Boas'  breakfast.  316 
Ewald-Boas'  breakfast,  315 
Riegel's  dinner,  316 
Salzer's.  316 
Tetanus  exudate.  497 
Tetramitina  in  feces,  392 
Texas  fever,  parasite  of,  154,  155,  157 
Thallin  in  urine,  256 
Theobroniin,  196 
Theophyllin.  196 
Thcrmometric  equivalents,  526 
Thoma-Zeiss  hemocytomcter,  52 
Thorn-apple  crystals,  272,  276 
Throat,  cultures  from.  461 
examination  of.  462 
sprav  from.  427 
Thrush,  saliva  in,  457 
Thymus  extract,  leukoc>'tosis  from,  104 
Thyroid  extract,  glucbsuria  after,  225 

leukocytosis  from,  103 
Tinea  barbae,  509 
circinata,  509 
tropic,  509 
favosa,  506 
sycosis.  509 
tonsurans.  507 

trichophyton  endothrix,  509 
tropic.  500 
versicolor,  510,  511 
Tissue  shreds  in  gastric  contents,  351 
Toisson's  mixture,  effect  on  leukocytes,  52 
on  red  cells.  52 
for  blood  for  hemocytometer,  52 
Tollen's    phloroglucin    test   for    pentosuria. 

Tongue,  coating  of,  458 
Tonsillar  membrane,  459 

cultures  from, 461 
Tonsillitis,  acetonuria  in,  242 


Tonsillitis,  blood  in,  13R 

membrane  in.  459 
Topfer's  estimate  of  hydrochloric  acid,  332 
Torfugation,  528 
Torkritization.  523 
Toxicity  of  bl<MMl-serum,  70 
Toxins,  effect  on  tension  of  blood,  108 
Trachoma.  475 
Transitional  leukocytes,  96 

light.  18 

neutrophiles.  98 
Transudates,  487 
Tremaiodes,  411 

of  eye,  472 
Trichina  spiralis  in  blood,  146 
Trichinella  spiralis,  422 
Trichinosis,  nlood  in,  146 

eosinophilia  from,  106 
Trich<K*ephalus  dispar,  418 
in  blood.  143 
in  urine.  298 

hominis,  418 
Trichomonas  in  feces,  393 

in  sputum.  436 

vaginalis,  484 
in  urine,  300 
TriclKiphylon  endothrix,  511 

microsporon,  507 

tonsurans,  508 
Triple  nhosphates  in  alkaline  urine,  275 
in  feces,  379 
in  urine,  182,  271 
Troparolin  test  for  hydrochloric  acid,  331 
Tropic  hematuria,  281 

tinea,  509 
Trypan<.)soma,  151 

gambiense,  151 
omiiiis,  151 
in  pus.  498 

sleeping  sickness  and,  153 
Trypanosomiasis,  151 

spinal,  filaria  and.  148 
Tsetse-fly  disease,  151 
Tube-casts,  2S3.    See  also  Rrnal  casts. 
Tubercle  bacillus.     See  BaciHus  tubtrculO' 

sis. 
Tuberculin,  ^lucosuria  after.  225 

leukocytosis  from,  104 
Tuberculosis,  bacteria  in  blood  in,  1x2 
in  bone-marrow  in,  116 
bacteriuria  in. 303 
miliary,  acetonuria  in,  242 
milk  in,  5iq 
nasal  secretion  in.  466 
of  throat,  detection,  464 
pulmonary,  sputum  in, 447 
widal  reaction  in,  125 
Tumor  fragments  in  urine,  291 

malignant, eosinophilia  from,  106 
Tiirck's  stimulating  forms,  98 
Turntable  for  ringing  specimens,  39 
Typhoid  fever,  acetonuria  in,  243 
bacillemin  with.  112 
bacteria  in  blood  in,  112 
in  bone-marrow  in,  116 
bacteriuria  in,  305 
blood  in,  13^3 
dia/o- react  ion  for,  249 
Ficker's  reaction  in.  525 
nasal  secretion  in,  467 
Widal  reaction  in,  118,  134 
Tyrosin  crystals  in  urine.  267,  268 
in  feces.  365 


t Vfki.mann's  lest  for  lactic  acid.  345 
I'lceiaiive  endocarditis,  bacteria  in  blood  in, 
114 
bacteria  of,  in  urine,  3<h 
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Rlrnuion  nl  MUtiy  phoophxiR 


wcchmrlinrler,  ijt.  isj 


unniuin  Miluilnii,  ist 
tinilc*,  ui^-«iiiiminiuiti,  iir  uiiiic.  173 
SS^ScWi^lnci'ivHyoy'.rs 

iniuiB  in  alkiliae  uihi«.  rjb 

mm' 


Urn,  1« 


UiTvmctrT,  Uomnui.  im 
Urethral  Boiwrrhei.  48s' 

UimhTUlu,  gOHDCKCi  111.  tqt 

U«od  In.  iw 
Mreptotowrln,  4>i6 
UHi  oeid.  clrnric  cutulnciiir 
in  blood.  6s 


Silk ow ill i-Ludwic'n  »lfmallnn  ol,  148 


billruliln,  in 
bigod  In.  Hi 
boric  ■(  id.  t«; 
nkiutn  nthunale,  »J7 

amtiiplKHU.  *}« 

Vhui>ptioli><  >^ 

tulplml*^  9M 
■morphmii.tn 

(-ant*  in.  )ll^    S«  iIm  ^m 
omtTFIivni,  uiiukry,  *j6 

^uiiiu  la.  in,  tn 


III alkiltiK  uriiK.Ma 
indiftu.  )}T 

Irukocylt*  In.  178,  tSl 
IlKhl  111  study  of,  r^ 


red  CDijMiKlei  in,  >I>1.  tEt> 

1  cimI  ca«lB  hi.  at^    Sh  iiIik  JFna/  ■ 

«i1)>)wco(  rakluni.  IM 

Hnwrphou*.  IM 
Ii1|-K- jihicvhalo-  <Ti 

■Ikuliiic,  37s 
lyrosln,  w.  j«l 

LiIclom.Dcld'imorphulH.  m 
ol  ludlHni.aiid.iu 
(Wtjiuiuni.  mid  Bmutpfauio.  jJi 


«.rti.iB,  >)« 
unlhin  171 


alliaiilon  In.  u; 

ammniitoniittTinluni  plioiiphalci  hi,  if  I 

•Ikal'liif.iT*" 
Amifli*  nrnjiriiiralK  In.  jao 
Biniiiphnii!  il(|H»ll>  In.  tjt 
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ITrine,  antimony  in,  256 
antipyrin  in.  256 

color  of,  171 
arahinose  in,  258 
arsenic  in,  256 
Ascaris  lunibricoides  in,  397 
as|H'rgillus  in,  301 

fumij^tus  in,  301 
Bacillus  coli  communis  in,  307 

of  diphtheria  in,  306 

of  glanders  in.  306 

of  Slernbcr>f  in,  306 

proteus  vulKaris  in,  307 

|>ytKyancus  in,  307 

tiil>efculosis  in,  303,  307 

typhosus  in,  305 
Iwiclcria  in,  301 

Kcncc-Jones'   albumose   in,   21S 
bile  in.  2y) 
bile-acid  in,  2,v> 
bilirubin  crystals  in.  270 
bliMxl  in,  170,  221.  2H1 
l>lood-casts  in,  2K4,  2S7 
blotxly,  170 

I»arasites  in,  2()7 
iHjric  acid  crystals  in,  267 
bothrioi^ephalus  liguloides  in,  300 
hroniin  in,  256 
brown,  170 
but\ric  .icid  in.  250 
cadaver  in  in,  254 
calcium  carlx>nate  in,  277 

oxalate  cr\sta1s  in,  265 
amorphous,  274 

phosphate  in,  ihj,  2^17 

soap  in.  266 

sulphate  crystals  in,  206 
amorphous,  274 

urate  in,  acid  anuirphous,  275 
calculi  in,  27S 
cam  er  ffa>;>nents  in.  2qi 
carbohydrate  in,  224 
carbitlic  acid  in,  256 

Kas  in,  254 
car Ix mate  of  calcium  in,  277 
casts  in.  2^\.     See  als«>  Renal  casts, 
ceutiifuK.il  anal>Nisol.  iSk^ 
ceritrifu>;e  for,  257 
chemistry  of,  177 
chlonds  in,  17^) 

estimation  of,  centrifug:*!,  i8g 

plu»sphati^  and  urea  and.  ratio,  IQ3 

urea  and  phosphates  and.  ratio,  193 
cholesteiin  in,  245 
crystals  in,  272 
chylous.  2^2,  253 
clap  shir«ls  in,  xr 
i  larificatioti  of,  236 
tloutly,  171 

colon  Ui«  illus  in,  yif>,  y^yj 
tolor  t»f,  i'*)-i7i 
com|Mi>ite  casts  in.  jS4,  289 
coni  let  ions  in.  27S 
conjugate  sulphates  in.  1S5 
consisieni  V  oi.  172 
c«insiiiuents  of.  177 
\  ivostopx  ot,  tli.*<iu*.tive,  72 
t  i>«.t.iN  in.  2^«> 
c\stiu  in.  .■4'».  .•7r 
I  xlindroids  in.  2S4,  j,nj 
<I.Mk  IxKiie-*  ill,  271 

d«-xiro»»e  in.  2'\,  2y^.    See  als*>  Glucosurta. 
<l label  ic,  I7'i 
dia^  elic  acid  in,  ?4  ; 
di:i/o-re.i(  tion,  Ivhilich's.  24^ 
dih\drox\phfn\  lai  tic  acid  in.  247 
dimeth>lamitlolK*n/aldehy<l   reaction  with, 

I-'hrlii  h's.  2tw 
diphtheria  ttacillus  in,  306 
Diplococcus  scarlatinu?  in.  306 

3^ 


Urine,  Distoma  harmatobium  in,  295 
drugs  and,  255 

earthy  phosphates  in,  181,  i8a 
echinococcus  cysts  in,  292 
Ehrlich  diazo-reaction  with  ,  249 

dimethylaraidobenzaldehyd    reaction 
with,  240 
electric  conauctivity  of,  175 
e|>ithelia  in,  279,  282 
epithelial  casts  in,  288 
ethereal  sulphates  in.  185 
eustrongylus  gigas  in,  299 
false  casts  in,  2H4,  290 
fat  in,  2^1.  274 
fatty  acids  in,  volatile,  250 
fatty-acid  casts  in,  289 
fibrin  in,  224 

Filaria  san;(uinis  hominis  in,  294 
fixed  alkalis  in,  177 
floaters  in.  291 
formic  acid  in,  250 
fungi  in,  300 
gases  in.  254 
glanders  bacillus  in,  306 
globulin  in.  206.  214 
gluc^ose  in,  224.    See  also  GiMCOSMria. 
glycerin  in,  531 
glycuronic  acid  in,  239 
gonococci  in,  303.  407 
granular  casts  in.  284,  286 
grape  sugar  in,  224.    See  also  Clucosufia. 
green.  170 

greenish-brown.  170 
greenish-yellow,  170 
guanin  in.  200 
gum  in,  239 
hematoidin  casts  in,  285 

crystals  in,  270 
hematin  in,  223 
hemoglobin  in,  222 
heteroxanthin  in,  196,  200 
hippuiic  acid  in,  201 
hippuric-acid  crystals  in.  271 
histon  in,  223 
hyaline  casts  in,  284,  285 
hydiochinon  in,  256 
hydrogen  sulphid  in,  254 
hydroquinon  in,  256 
hydroxybutyric  acid  in.  240 
hypoxanthin  in,  200 
in  diabetes,  1S2 

in  endocarditis,  ulcerative,  304 
in  nephritis,  304 
indican  in,  211.  538 
indigo  in,  277 
infusoria  in,  yoo 
inorganic  secliments  in,  260 
inosiie  in,  23^ 
icKlid  of  |M)tassium  in,  256 
iodin  in,  255 
kreatin  in,  2114 
lactic  acid  in.  244 
lactose  in,  238 
lai«»M'  in.  230 
lead  in.  256 

leiicin  cr>stals  in.  267.  269 
leuk«>cytes  in,  278,  2S2 
levulose  in.  230 
light  in  study  of.  25S 
Lofflcr  bacilfus  in,'3«)6 
microM-opic  appearance  f*f.  168 
inaKnesium  phosphate  in.  182 

(mosphates  in,  oasic,  271 

S4»:ip  in,  2tir> 
maltose  in,  2.v> 
mercury  in,  25'! 
metals  in.  256 
methemogltibin  in,  223 
microscopy  of,  2,S7 
milky,  2V 
mineral  ash  in,  178 
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Urine,  sulphates  In,  185 
morphiii  in,  257 
mucin  in,  205,  210,  215 
mucus  in,  249 
naphthalin  in,  256 
nitroj^cn  in,  254 

secretion  in.  192 

total,  estimation,  195 
nucleo-albumin  in,  210,  215 
odor  of,  172 

organic  sediments  in,  278 
organized  casts  in,  284 
oxalate  of  calcium  in,  amorphous,  274 
oxalate-of-calcium  crystals  in,  265 
oxalic  acid  in,  203 
oxybutyric  acid  in,  242 
oxygen  in,  254 

Oxyuris  vermicularis  in,  297 
parasites  in,  animal,  292 
Stiles'  key  to,  299 

vegetable,  ^ 
paraxanthin  in,  200 

rarkes'  classification  of  constituents  of,  177 
pentoses  in,  23S 
peptones  in,  217 
phosphates  in,  181 

alkaline,  181, 182,  183 

ammoniomagnesium,  271 

centrifugal  estimation,  190 

chlorids  and  urea  and,  ratio,  193 

earth  V,  181,  182 

of  calcium  in,  267 

of  magnesia  in,  basic,  271 

triple,  271 
alkaline,  275 

urea  and  chlorids  and,  ratio,  U)Z 
phosphatic  earths  in,  basic,  177 
phosphoric  acid  in,  181 

estimation,  184 
physical  properties  of,  16S 
pigments  of,  169,  210 
poisons  in,  256 
potassium  in,  177 

iodid  in,  256 

urate  in,  acid  anioiphous,  275 
preformed  sulphates  in,  i!S5 
propionic  acid  in,  250 
proieids  in,  20^ 
I)l<)inaiiihi  ill,  254 
piiriu  hiisc.s  ill,  !(/>,  Joo 

quaiilitalivc  csiiiiuiliun,  524 
pii>  in,  246,  27S 

difffmilialion,  21.S 

fcalurcs.  2H2 
pus-ca^ts  in.  2SS 
pulrcsciii  in,  2vt 
p\  t-niia  colli  in,  T,ni 

j>\kiium(ttr  f<»i   spi'iihc  j^iavity  of,  213 
(juaiility  ul.  ib^ 
(juiiiiii  aii<l,  171.  25,6 
lay  luiix;ii>  in,  vi 
n-actioii  of,  176 
rc<l.T7i 

coilMisrlt -^  ill.  J^i .  2^2 
Piial  la*-!^  ill.  .'"^v     Sec  also  A'rmit  cas/s. 
rcsiiioiiN  luxliis  ill.  .M  1 
rcsotiin  ill,  25'" 
rlialxlili--  .genitalis  in,  Jw7 
ihaiiiimsc  ill.  ^'j^s 
salu\lat<s  ill.  .'v') 
s.'ilicylic  .K  ill  in.  25(> 
sal<)l  in,  .-V) 
»^ai'iolat  lie  ai  ill  in,  .>n 
Si  liislosoiiia  liainalobiiim  iii.L''>5 
sciiiineiUalioii  ni,  .'\- 
sciliiiiiiits  in,  J57,   ."^1.      Sci-  also  I'titunv 

.\iuiunrnt  "i. 
septicemia  coci  i  in,   \>>\ 
serumalhiiiniii   in,  2i.^i.     See  also  .Mhutnin 

in  lit  int  . 


Urine,  serum-globulin  in,  206,  2x4 
silver  in,  256 
soaps  in,  266 
sodium  in,  177 

chlorid  in,  179 
solids  of,  174 
specific  gravity  of,  172 
pyknometer  for,  213 
urinometer  for,  174 
si>ermatozaa  in,  2<)i 
spirillum  of  relapsing  fever  in,  306 
Staphylococcus  pyogenes  albus  in,  307 

aureus  in,  31)7 
starch  in,  253.  2S2 
Stembt-rg  bacillus  in,  306 
Streptococcus  pyogenes  erysijielatis  in.  30 
strychnin  in,  250 
sugar  in,  224 
sulphates  in,  185 

calcium,  amorphous,  274 
crystals.  266 
estimation,  centrifugal.  19T 

ethereal,  185 

mineral,  iH5 

preformed  ,185 
sulplional  and,  color  of,  171 
sulphur  in,  1H5,  1S7 
sulphureted  hvdrogen  in,  254 
sulphuric  acid  in,  1S5 
suppression  of,  \f>t 
syrupy, 172 

Taenia  cchinococcus  in,  292 
thallin  in,  256 
transparency  of.  171 
trichocephalus  in,  419 

dispar  in.  298 
Trichomonas  vaginalis  in.  300 
triple  phosphates  in,  1S2.  271 

allcaline,  275 
tubercle  bacillus  in,  303.  307 
tumor  fragments  in.  2gi 
turbid,  from  urates,  171 
typhoid  bacillus  in.  305 
lyrosin  crystals  in.  2«>7.  >^S 
unotgani/ed  casts  in.  2N;, 
urate  casts  in.  2S4 
urates  in.  acid  anunonintn.  272 

aininiMiiiim,  alkaline.  2711 

amorphous,  274 

l'>osion's  test  lor.  210 

lalcium.  acid  amoiphous.  27s 

potassium,  ai  id  amoiphons.  j-5 
urea  in.  iq2 
uiein  in.  24'^ 
uric  acid  in,   \yy\.     See  also    I  1  it    ti,iJ  t 

HI  itif. 
uiic-acid  crystal>  in.  >'.4 
\ej;;etal>lc  parasites  111.  ,V'<J 
%  iiiei^^ar  eel  in.  2«f^^ 
vol.itile  alkalis  in,  177 

fatty  acids  in.  2,so 
waxy  casts  in,  2Sv» 
\M>rnis  in.  2w2 

Stiles'  key  to.  ^^^Y^ 
xanthin  bases  in.  *kio 

crystals  in,  272 
x\lose  in.  2.;S 

yeast-celN  in.  featuies,  2S2 
>ello\v,  171 
riinomelei.  Sijnil»li"s.  173 


kev  to.  i-^i 


\'aii  IMA.  blooil  in.  137 

parasite  of.  53') 
X'a^iiia.  worms  in.  Stiles' 
\'ai;inal  jjonoi  rbea,  4>^.^ 
sei  rot  ion.  4S1 
animal  i>arasiles  in.  4s; 
bacteria  in.  4S1.  4^2 
bactericidal  nropeilies  of.  4*^3 
Dodcrlcin's  tiacillus  in,  4hi 
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VaKiiutl  secretion,  fuiif^i  in,  4S6 
in  biciinurrhca,  4S6 
in  dysmenorrhea,  4H6 
in  gestation,  4S3 
in  ni>o»sis.  4V> 
in  pruritus  vulva*,  4S6 
in  vai;iiiiti^.  4*^5 
in  vulvitis. 4S5 
oxyurides  in,  4S4 
|Kir.isit(*s  in,  animal,  4S4 
rrirhunionas  xa^^inalis  in,  4H4 
Vaginitis,  discliarj^e  m,  4.S5 
Valerian,  alkalinephtisphates  in  urine  and,  183 
Valerianic  acid  in  feces.  y>S 
Vera  macaciue.  514 
Varicella,  parasite  t>f.  «>,^6 
Varitila.  iKirasite  <»i.  5V» 
Vibrio  of  cholera,  Witlal  reaction  and.  1x4 
Vincent's  siiirillum  in  saliva,  455,  456 
Vinej»ar  eel  in  urine.  2gK 
Volatile  fatly  aciiis  in  urine.  ?!V> 
Volhard's  methinl  fi»r  chlnrids  in  urine,  Sal- 

kow ski's  nKMlification.  iS»> 
Volumetric   estimation  of  albumin   in  urine, 

ill 
Vtimit.  352 
bile  ill.  VM 
bltMKl  in.  j^<>4 
fecal.  3M 
mucus  in.  j^^J 
od«»r,  .^S2 
l»;ira«ii'tes  in.  355 
pus  in.  .VS5 
saliva  in.  35,^ 
stercoraceous.  3^1 
time  of.  35 J 
V«»n  Fleischl's  henioKl^>t>in<>nieter,  4R-55 
Vulva,  diphtheria  oi,  ^S\ 

noma  i>i,  4>vt 
Vulvitis,  disi'harKe  in,  4*^5 


Wai  dv»  >t.i"  i.'s  method  of  cr>-oscopy  of  bloo<l, 

70 


Warm-water  Kith,  .;f>7 
Wash  liottle.  St  ^ 

Water  in  red  cells.  S3 


Water-mot«>r  rcntrifuj^e,  iRq 
Waxy  casts  in  urine,  2.Sq 
Weber  and  Miiller  test  for  blood  in  vomit,  3^ 
Weichsclliaum's  Diplococcus   intracellulans 
in  cerebiospinal  fluid, 50J 
in  nasal  secretion,  4^16 
Weights,  SJf'i 

Wetherill*s  color-scales.  524 
Welheriirs  torluKation,  5J3,  528 
Weyl's  test  for  kieatin  in  urine,  205 
Whetstone  cr>'stal.  264 

White  con>uscles,  04.    See  also  leukocytes. 
Whooping-couKh,  bhiod  in,  138 

nrotozotiu  in  sputum,  436 
Widal  reaction,  ii»<.  124 

WriRht's  pi|K-t  for  collecting  blood  for,  iiq 
Williamson's  test  for  diatn-tes,  6K 
Woodward's  estimation  of  proteids  in  milk. 

Worms  in  urine,  242 
Stiles'  key  to,  294 
screw,  513 
Wright's  c«»aeulometer,  41 
methiMi  ftir  oUmkI,  7>i 

for  malarial  jNirasites,  i.sH 
pi|K^   for  colleciiuK  blood    for  Widal  re- 
action. Ill) 
stani  for  bh^oil,  7«4 


Xanthin  Iwse.  Mfi 

eleriri*'  c«>nduiti\  ity  of,  175 

in  urine.  .^X) 
cr\stals.  2i«i 

in  urine.  272 
Xyl«»se  in  urine,  23S 


VKAsr-CKLi.s  in  urinar>  se<liment,  features, 

2S2 
Vea«t«^  in  sputum.  4^7 
Veliow  fever,  bl«HKl  in,  131) 


ZvMooi-  Ns  of  ferments,  335 
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AS  is  well-known,  tiic  lists  of  most  publishers 
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paid,  and  for  which  the  j^ublisher  will  never  get 
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ALFRED   STENGEL.  M.D. 

■r  of  Qinicfll  Medicine  in  ihe  Ufiivcitily  of  Pcnnsylinnia  i 
Physidan  lo  the  I'ennsylvaniB  Hospit^. 


BEST  IN 

EXIST&NCE 


FOR  THE 
PRACTITIONER 


II  U  unifenally  acknowlEdged  Ihal  the  Gcrnuuu  lead  ibe  world  in  tnlenial  Medicipc;  uA 
of  «11  iht  German  woiki  on  this  mbjecl.  Noihimge!'*  "  Spec  idle  PMboloeie  and  Thenpie" 
ii  conceded  by  scbolari  to  tie  wjlhoul  quslion  ihe  b«i  PnKiux 
of  Medicine  in  eiiilcnc«.  So  necestiiry  is  Ihii  book  m  Ihe  Uaij 
u(  Internal  Medicine  that  it  comei  largely  lo  ihis  country  \a  the 
original  German.  In  view  of  ih«e  lads.  Mesrs.  W.  B.  Siunden 
Company  have  arranged  with  the  publi^eiv  of  the  CermAa  edilioit 

For  Ihe  ptesent  a  nl  of  12  volumes,  selected  wiih  especial  Ihooghl  at  Ihe  neetij  of  ihit 
practising  physician,  will  be  puhllilied.  Thew  volumes  wil)  <-od' 
tain  Ihe  real  essence  of  the  entire  work,  and  Ae  purchajer  wiU 
therefore  obiain.  al  leu  than  h*.lf  the  cost,  the  cream  of  ihe  cjtis- 

The  work  will  be  translated  by  men  pouening  tborougfa  knowledge  of  both  FnglHt  awl 
German,  and  each  volume  will  be  edited  by  a  promioent  apecialiil.  ll  will  thus  be  brought 
thoroughly  up  <o  date,  and  the  American  edition  will  be  more  than  a  mere  ttaulaiion  :  for, 
in  addition  to  the  matter  .con  taioed  in  the  original,  it  will  repiescat 
the  very  latest  views  of  the  leading  American  and  Engliifa  special- 
ists in  Ihe  various  department!  of  Internal  Medicine.  MoreoTci. 
as  each  volume  will  be  revised  to  the  date  of  its  publication  by  the 
eminent  editor,  the  objection  that  has  heretofore  eiisied  to  Ireatiies 
f  volumes  will  be  obviated,  since  the  subscriber  will  receive  the  com. 
liei  volumes  are  still  fredi.  The  American  pubUcation  of  the  enure 
ll  supervision  of  Dr.  ALFRED  Stengbl,  who  hai  selected  the  sub)ecis 
ind  has  chosen  the  editors  of  the  difiereni  volumes. 

The  usual  method  of  publishers  when  issuing  a  pnblicaiioii  of 
this  kind  has  been  10  require  physicians  to  lake  the  entire  work. 
This  seems  to  us  in  many  cases  to  be  undesirable.  Tberelbre.  in 
purchasing  this  Practice  physicians  will  be  given  Ihe  opportunity 
of  subscribing  (or  it  in  entirely ;  but  any  single  volume  or  any 
number  of  volumes,  each  complete  in  ilself,  may  be  obtained  by  those  who  do  nol  desire  Ibe 
complete  series.  This  latter  method  offers  to  Ihe  purchaser  many  advantages  which  will  ba 
appreciated  by  those  who  do  not  care  10  subscribe  for  the  entire  woilt.      Suiirriftun. 
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VOLUMES  NOW  READY 


Typhoid  and  Tj'phus  Fevers 

By  Dr.  H.  Clrschma.nn,  of  Leipsic.  The  entire  volume  edited,  with 
additions,  by  William  Osler,  M.  U..  F.  R.  C,  P..  Regius  Professor  of  Med- 
icine, Oxford  University.  Oxford,  England.  Octavo  volume  of  646  payjes, 
fuily  Illustrated. 

Smallpox  'including  Vaccination).  Varicella,  Cholera  Asiatica, 
Cholera  Nostras,  Erysipelas.  Erysipeloid,  Pertussis,  and 
Hay  Fever 

By  [>K.  il.  I.\i.Mi.i(MAS.v,  of  llasle  ;  Dr.  Th.  von  JUrkensb-n'.  of  Tiibingen  ; 
Dr.  C.  l.rF.TiEi!,Mi;isTER,  of  TiibinKcn  ;  Dit.  H.  Lkshahtz.  of  Hamburg; 
and  Ur.  G.  Sticker,  of  Oiessen.  The  entire  volume  edited,  with  additions, 
bjr  Sir  J.  W.  Moore.  M.D.,  F.  R.  C.  P.  1..  Professor  of  Practice,  Royal  Col- 
lie of  Sui^eons,  Ireland.     Octavo,  6S>  pages,  illustrated. 

I^htheria,  Measles,  Scarlet  Fever,  and  RiStheIn 

By  William  K  NoiiTHmp,  M.  D.,  of  New  York,  and  Dr.  Th.  von  JWr- 
GENSEV,  of  Tijbingen.  The  entire  volume  edited,  with  additions,  by  WiuJAlf 
P.  NoRTiiRi'P.  M,  D.,  Professor  of  Pediatrics.  University  and  Hellevue  Hos- 
pital -Medical  College,  New  Vork.  Octavo,  671  pages,  illustraicd,  including 
14  full-page  plates,  3  in  colors. 

INseases  of  the  Bronchi,  Diseases  of  the  Pleura,  and  Inflam- 
mations of  the  Lungs 

By  Dr.  F.  A.  Hoffmann,  of  Leipsic  ;  Dr.  O.  Rosesbach,  of  Berlin  ;  and 
Dr.  F.  Acfrecht,  of  .Magdeburg,  The  entire  volume  edited,  with  additions, 
by  John  H,  .Mcssrr,  M.  D,.  ["rofessor  of  Clinical  Medicine,  University  of 
Pennsylvania.  Octavo,  io::9  pages,  illustrated,  including  7  full-page  colored 
lithographic   plates. 

IKseases  of  the  Pancreas,  Suprarenals,  and  Liver 

By  Dr.  L.  Oser,  of  Vienna;  Dk.  E.  Neiis-SER,  of  Vienna,  and  Drs.  H. 
QriNCKE  and  G.  Hoi'pe-Sevler.  of  Kiel.  The  entire  volume  edited,  with 
additions,  by  Regis'ALU  H.  Fkitz.  X.  M.,  M.  D..  Hersey  I'rofessor  of  'he 
Theory  and  Practice  of  Phytic.  Harvard  University  ;  and  Frederk.k  A, 
P.ACKARLi,  M.  D.,  Late  Physician  to  the  Pennsylvania  and  Children's  Hos- 
pitals.    Octavo  of  giS  pages,  illustrated. 

IKseases  of  the  Stomach 

By  Dr.  F.  Rtegf.l.  of  Oiessen.  Edited,  with  additions,  by  Charles  G. 
Stockton,  M.  D.  .  Professor  of  Medicine.  University  of  Buffalo.  Octavo  of 
831;  pages,  with  29  text-cuts  and  6  full-page  plates. 

IKseases  of  the  Intestines  and  Peritoneum 

By  Dr.  Hermann  Nothnacel.  of  Vienna.  The  entire  volume  edited,  with 
additions,  by  H.  D.  Rollf-ston,  M.D,,  F.  R,  C.  P,  Physician  loSt.  George's 
Hospital,  London.      (Jctavo  of  ro5o  pages,  finely  illustrated. 


S.-HWDERS-  BOOKS  OX 


AMERICAN    EDITION 

NOTHNAGEL'S  PRACTICE 


VOLUMES  NOW  READY 


Tuberculosis  and  Acute  General  Miliary  Tuberculous 

By  Dk.  G.  ColtvicT.  of  lierlin.  Edited,  niih  addiliuns.  by  Waltek  B. 
Jahjis,  M.  I)..  Professor  of  the  Practice  of  Medicine,  Columbia  University, 
New  York.     Oclavo  of  806  pages. 

Diseases  of  the  Blood  iAn^m,„.  cai<,>-«>u.  Ltui^mi.,,  «»j  r. 

By  Dh,  F.  Ehklich.  of  Frankfort- on -the- Main  :  Dr.  A.  Lazakus,  of 
loHcnburg ;  Ur.  K.  vo\  NiiuKUEN,  of  Frankfort-on-the-Main  ;  and 
Felix  Pinkus,  of  Berlin.   The  entire  volume  edited,  with  additions,  by  AijntEO 

Stenijkl,  M.  D,.  Professor  of  Clinical  Medicine.  University  of  Tetlnsylvania. 
Octavo  of  714  pages,  with  Icil-cuts  and  13  full-page  plates,  5  in  colors. 

Malarial  IHseases.  Influenza,  and  Deuffue 

By  Dr.  J.  Mansaberg,  of  Vienna,  and  DR.  O.  Leichtessterx,  of  Cotngne. 

"  *«  volume  edited,  with  additions,  by  Ronald  Ross.  K.  R.  C.  S.  (En**.), 

"    '  '  ~  '■■  w' 


CMM 


Theei 

F.  R.  S..  Professor  of  Tropical  Medicine.  University  of  Liverpool ;  J.  W,  w'. 

Stephens.  M.  IX,  I).  P.  H..  Walter  Myers  Lecturer  on  Tropic*!  Medicine. 

University  of  Liverpool  ;  iind  Alkeht  S.  ('.Kil.viiAru,  F.  R,  C.  P.,   ProfrsMir 

of  Experimental  Medicine,  University  of  Liverpool.     Ocuvu  of  769  pages. 

illustrated. 

IMieaies  of  Kidneys  and  Spleen,  and  Hemorrhagic  IKatheses 

llv  Dk,  H.  Si;s.\tor.  of  Berlin,  and  Dr.  M.  Littkn.  of  Berlin,  The  entire 
volume  cdiletl,  with  additions,  by  Jamms  II.  Hehhick,  M.  D..  Professor  ..f  Ihe 
Practice  of  Medicine.  Rush  Medical  College.     Oct..vo  of  815  pages.  illuM. 

INseases  of  the  Heart 

By  ['K(iF.  Dk.  L.  vov  Schrotter.  of  Vienna  :  Prof.   Dr.  Th.  vox  Jl 
GK.vsES.  of  Tiibingen  ;  Prop.  IIk.  L.  Krrhl.  of  Greifswald  ;  and  Proc.  F 
H,  ViEKORtiT.  of  Tubingen.     The  entire  volume  edited,  with  addllinns, 
Georoe  Dock,    M.  D..   Professor  of  Theory  and  Practice  of  Medicine  ancl 
Clinical  Medicine,  University  of  Michigan,  Ann  Arbor.    Octavo  of  alMut  1000 
pages,  with  73  text  illuslrallons  and  b  colored  plates. 


SOME    PRESS   OPINIONS 


11  »(  u 


Journal  AMerican  Madkal  Auoclalien(  TubtTttdeiU  velumt) 

■■  We  know  of  no  innglc  Irrniiir  coming  Ihe  subject  10  ihoroughly  In  *U  iB 
Itiis  grCHl  Uetm.in   work.  .  .  ,  li   la  one  of  ilie  moit  exhauiiivt.  prartic*!.  anil 

MMlkal  Nawi.  New  York  [Livtrv^nm,) 

"  I.C1IVU  nothing  10  lie  drsiTcd  in  the  way  al  compltlriwi 
IB«|)I  of  the  lest.  IhonjiighKoiiU  op-lo-iUtenc*!.  hindlncB  (or  fefefcnce.  aAd 

euUK'ii  of  Ihe  suti)i-i:Ii  Irr^iict!." 

EACH  VOLUME  IS  COMPLETE  IN  ITSELF  AND  IS  SOLD  SEPARAT 


THE  PRACTICE   OF  AfEDIChWE 
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Anders' 
Practice  of  Medicine 

Just  Iiiued— New  (7thi  Edition 


A  Text-Bfwk  of  the  Practice  of  Medicine.  By  James  M.  Anders, 
M.  D..  Ph,  D..  LL.  D.,  i'rofessor  of  the  Practice  of  Medicine  and  of 
Clinical  Medicine,  Mcdico-Chirurgical  College,  Philadelphia.  Hand- 
some octavo,  1297  pages,  fully  illustrated.  Cloth,  S5.50  net;  Sheep 
or  Half  Morocco,  ^6.50  net. 

OVER  27.000  COPIES  SOLD 

The  success  of  this  work  as  a  texl-ltouk  and  as  a  practical  guide  for  phyu- 
dans  hsis  been  iruiy  phenomenal,  it  now  having  reached  ils  seventh  edition.  This 
luccesa  is  no  doubt  due  lo  the  extensive  consideration  given  to  Diagnosis  and 
Treatment.  UifTerentlal  Diagnosis  being  dealt  with  under  separate  headings,  and 
the  points  of  distinction  of  simulating  disea:>es  presented  in  tabular  form. 
Among  the  new  subjects  added  are  Rocky  Mountain  .Spotted  Fever,  Splanchnop' 
tosis.  Cammidge'  s  Test  for  Glycerose,  Myasthenia  Gravis,  Pseudotuberculosis 
Benign  Cirrhosis  of  the  Stomach,  Iniestinal  Lithiasia,  Intestinal  Calculi,  Red 
Light  in  Variola,  Emulsion -albuminuria,  and  Adams-Stokes'  Syndrome.  Im- 
portant additions  have  also  been  made  to  diseases  which  prevail  principally  in 
tropical  countries. 


PERSONAL  OPINIONS 

JudmC.  WnUoD,  M.D., 

Pn/.iior  0/  Iht  /^airut  c/  MiJicint  and  k/  Clinical  Miduint.  Jtfenon  Medical  CM 

PiilaJrlfkia. 
"It    ii  an   eicelleni   book — conci»e,  compreheniive,  thorough,  ■nd   ap-lo-dnle.     [I    ii 
credit  10  you-  bul,  more  ilian  that,  it  ii  11  credit  lo  the  profession  of  Philadelphia— lo  us,  " 
Wn.  E.  Qi^e.  M.  D. 

Pnfttwref  Mediii«t  and  Ciiniiat  Mtdidnt.  Colltgi  ef  Phyiicia»i  darf  Surgta^u.  ChU«, 
•■  I  consider  Andtis'  Practice  one  (if  The  liesi  single-volume  works  tjcfore  the  piofejsion 
this  tune,  and  one  of  the  best  leit-buuks  for  mEtlical  studinls." 
BidMln  of  the  Johni  Hopidnt  HMpitel 


s.-U'XD£:/^sr  HOOKS  nx 


Pusey  and   Caldwell  on 
X-Rays 

in  Therapeutics  and  Diagnosis 


The  Practical  Application  of  the  Rontgen  Rays  in  Therapeutics 
and  Diagnosis.  By  William  Allen  Pusev.  A.  M..  M.  D..  Professor 
of  Dermatology  in  the  University  of  Illinois;  and  Eugene  W.  Cald- 
well, B.  S.,  Director  of  the  Kdward  N.  Gibbs  X-Ray  Memorial  Labo- 
ratory of  the  University  and  Bellevue  Hospital  Medical  College,  New 
York.  Handsome  octavo  of  625  pages,  with  200  illustrations,  nearly 
all  clinical.     Cloth,  §5,00  net;  Sheep  or  Half  Morocco,  $6.00  net.         ■ 

RECENTLY  ISSUED -NEW  I2<1)  EDITION.  REVISED  AND  CNLAAGES  ■ 
TWO  LARGE  EDITIONS  IN  ONE  YEAR  " 

Two  large  editions  of  this  work  uiihin  a  year  testify  to  its  practical  value  to 
both  the  specialist  and  general  practitioner.  Throughout  the  work  it  has  been 
the  aim  of  the  authors  to  ciucid;ite  Ihe  practical  aspects  of  the  subject,  and  to 
this  end  the  text  has  been  beautifully  illustrated  with  clinical  pictures,  showing 
the  condition  before  the  use  of  the  X-rays,  at  various  stages  of  their  application. 
and  the  final  therapeutic  result  obtained.  Details  are  also  given  regarding  the  u*e 
and  management  of  the  apparatus  necessary  for  X-ray  work,  illustrating  the 
descriptions  with  instructive  photographs  and  drawings.  In  making  the  revision 
the  histories  of  the  cases  cited  have  been  brought  down  to  the  present  tiiDe. 


OPINIONS  or  THE  MEDICAL  PRESS 


A 


BritUh  Journal  of  DecmatoloO' 

"  The  most  compkie  and  up-io-<J«te  contribution  o 
of  Ihe  RiintBeii  rays  which  lias  been  published  in  EnBlh 
Boiton  Medicftl  Mid  Surreal  Journal 

■  It  is  indispensable  lo  those  who  use  IheX-rayiua  therapei 
arc  so  numerous  ,  .  .  ihni  il  hccomcs  valuable  to  every  one." 
Hew  York  Medical  Journal 

"  We  have  noihing  l)ui  praisi^  for  this  volume,  Ihe  cambined  work  of 
whom  no  one  is  better  filLeii  by  training  or  cipertence  10  write  in  hii  individual  field. 


■he  subject  of  Ihe  Ibenpeutic  icdoo 
agent ;  and  its  illustniiaia 
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Sahli's  Dia£[nostic  Methods 

Editorsi  Francis  P. Kinnicutt,  M.D.,and  Nath'lBowditch  Potter,  M.D. 


A  Treatise  on  Diagnostic  Methods  of  Examination.  By  Prof. 
Dr.  H.  Sahli.  of  Bern.  Edited,  with  additions,  by  Francis  P.  Kinni- 
CUTT,  M.  D.,  Professor  of  Clinical  Medicine,  Columbia  University,  N.  Y. ; 
and  Nath'l  Bowditch  Potter,  M.  D.,  Visiting  Physician  to  the  City 
and  French  Hospitals,  N.  Y,  Octavo  of  1008  pages,  profusely  illustrated. 
Cloth,  je.so  net ;  Half  Morocco,  $7.50  net. 
JUST  READY 

Dr.  Sahli's  great  work,  upon  its  publication  in  German,  was  inunedialely 
recogni«cd  as  the  mr)st  imjiuriam  work  in  its  field.  Not  only  are  all  method* 
of  examination  for  the  purpuse  of  diagnosis  exhaustively  considered,  but  the  ex- 
planation of  clinical  phenomena  is  given  and  discussed  from  physiologic  as  well 
as  pathologic  points  of  view.  In  the  rhemical  examination  methods  are  described 
so  exactly  that  it  is  possible  for  the  clinician  to  work  according  to  these  dire 

LewrilTi  r.  Barker.  M.D. 

Proftaor  of  Iki  Primiplts  amd  Pracli 
••  I  am  delighted  wilh  ii,  and  it  will  be 
Johns  Hopkios  M«dicttl  School." 

Friedenwald  arid  Ruhrah 
on  Diet 


Diet  in  Health  and  Disease.     By   Julius    Friedenwald,    M.  D., 
Clinical    Professor  of  Diseases   of  the   Stomach,  and  John   Ruhkah, 
M.  D.,  Clinical  Professor  of  Dise:ises  of  Children,  College  of  Physicians 
and  Surgeons,  Baltimore.     Octavo  of  738  pajjes.     Cloth,  S4.00  net. 
JUST  ISSUED— NEW(  2nd tEDITION 

This  work  contains  a  complele  account  of  food-stuff's,  their  uses,  and  chemical 
composition.  Dietetic  management  in  all  diseases  in  which  diet  plays  a  part  in 
treatment  is  carefully  considered.  The  feeding  of  infants  and  children,  of  patients 
before  and  after  anesthesia  and  surgical  operations,  and  the  latest  methods  of 
feeding  after  gastro -intestinal  operations  are  all  taken  up  in  detail. 

3hJ  ff  Clinical  Midicine.    Univtrnty  of  Mickigin. 
"It  seems  lo  me  that  you  have  prepared  Ihe  most  valunblB  work  of  the  kind  now  auailable. 
I  especially  gtad  lo  see  Ihe  long  list  of  annlysct  ol  difTerenl  kinds  of  foods." 


SAUNDERS-  BOOKS  ON 


Rolleston  on  the  Liver 


Diseases   of    the   Liver,   Gall-bladder,   and    BilC'ducts.     By  H. 

D.  Rolleston,  M.  D.  (Cantab),  F.  R.  C.  P.,  Physician  to  St.  Geo^e's 
Hospital.  London,  England,  Octavo  volume  of  794  pages,  fully  illus- 
trated, including  a  number  in  colors.     Cloth,  ^6.00  net, 

ENTIRELY  NEW-RECCNTLY  ISSUED 

This  work  covers  the  entire  field  of  diseases  of  ihe  liver,  and  is  the  most 
voluminous  work  on  this  subject  in  Enghsh.  Dr.  Rolleston  has  for  many  years 
past  devoted  his  time  exclusively  to  diseases  of  the  digestive  organs,  and  any- 
thing from  his  pen.  therefore,  is  authoritative  and  practicaJ.  Special  atlenlion  is 
given  to  pathology  and  treatment,  the  former  being  profusely  illustrated. 
Medical  Record.  New  York 


Boston's 
Clinical  Diagnosis 

Clinical   Diagnosis.     By  L.  Napoleon  Boston,  M.  D.,  Associate  in 

Medicine  and  Director  of  the  Clinical  Laboratories,  Mcdico-Chirurgi- 
cal  College,  Philadelphia.  Octavo  of  563  pages,  with  330  illustrations^ 
many  in-  colors.     Cloth.  S4.00  net. 


•ratoqH 


Dr.  Boston  here   presents  a  practical  manual  of  the  clinical  and   laboral 

examinations  which  furnish  a  guide  to  correil  diagnosis,  giving  only  such  methods.    ■ 
however,  which  can  be  carried  out  by  the  busy  practitioner  In  his  office  as  ' 
as  by  the  student  In  the  laboratory.      In  this  new  second  edition  Ihe  entire  h 
has  been  carefully  and  thoroughly  revised,  incorporating  all  the  newest  adva 
Eloiton  Medical  and  Surgical  Journal 

■'  1-ii-  has  pro'Iuced  a  book  wliich  m.iy  be  regarded  Mninenlly  as  a  practical  and  it 
II  and  good." 


MATER f.-l    MElllCA.  9 

GET  *  •  THE  NEW 

nc  BEST  /\  m  6  n  C  Sin  standard 

Illustrated   Dictionary 

Just  Isiued—New  1 4th  1  Edition 


The  American  Illustrated  Medical  Dictionary.  A  new  and  com- 
plete dictionary  of  the  terms  used  in  Medicine,  Surgery,  Dentistry, 
Pharmacy.  Chemistry, and  kindred  branches;  with  over  100  new  and 
elaborate  tables  and  many  handsome  illustrations.  Hy  W.  A.  Newman 
DoRLAND.  M.  D.,  Editor  of  "  The  American  Pocket  Medical  Diction- 
ary." Large  octavo,  over  800  pages,  bound  in  full  flexible  leather. 
Price,  S+SO  net;  with  thumb  index,  ^5.00  net. 

WITH   MOO  NEW  TERMS 

The  immediaie  success  of  this  work  is  due  lo  the  special  fealures  Ihnt  distin- 
pnsh  it  rrom  other  books  of  its  kind.  It  gives  a  tnaxitniini  nf  matter  in  a  mini- 
mum sp>ace  and  at  the  lowest  possible  cost.  Though  it  Is  practically  unabridged, 
yet  by  the  use  of  thin  bible  paper  and  flexible  morocco  binding  it  is  only  I  % 
inches  thick.  In  this  new  edition  the  book  has  been  thoroughly  revised,  and 
upward  of  two  thousand  new  terms  have  been  added. 

Howard  A.  Kelly.  M.D..   PrQ/i„«rif  f.yHitoUgy.  ph,>  thfkins  Univ*rnly.  Baltimfrt. 
"Dr.  Dorlnnd  s  ilictionary  is  ndminblc.     Il  is  so  weU  goliva  up  and  of  such  cunvonicnl 


Goepp's 
State  Board  Questions 

state  Board  Questions  and  Answers.  By  R.  M.\x  Goepp,  M.  D., 
Professor  of  Clinical  MccJicint,  Philadelphia  Polyclinic,  Octavo  of 
800  pages. 

JUST  RE:ADr 

Every  graduate  who  desires  to  practice  medicine  must  pass  a  Stale  Board 
Examination,  and  to  aid  him  in  successfully  passing  such  an  examination  this  work 
will  be  of  inestimable  value.  Dr.  Goepp  has  taken  ^''^M  pains  to  collect  the  many 
questions  asked  In  the  past  by  Boards  of  the  vari"us  Stales,  iind  has  arranged  and 
classified  them  under  subjects  in  such  a  manner  thai  ihe  prospective  applicant  can 
acquire  the  knowledge  on  any  branch  with  the  least  difRculty. 


lo  SAUNDERS*    BOOKS   ON 


Stevens' 
Modern    Therapeutics 


A  Text-Book  of  Modem  Materia  Medica  and  Therapeutics.    By 

A.  A.  Stevens,  A.  M.,  M.  D.,  Lecturer  on  Physical  Diagnosis  in  the 
University  of  Pennsylvania.     Octavo  of  670  pages.     Cloth,  ^3.50  net 

JUST  ISSUED— NEW  (4th)  EDHION 
Adapted  to  tiie  New  (19OS)  Pliarmacopeia 

Dr.  Stevens,  by  his  extensive  teaching  experience,  has  acquired  a  clear, 
concise  diction  that  adds  greatly  to  his  work's  pre-eminence.  In  this  edition 
new  articles  have  been  added  on  Scopolamin,  Ethyl  Chlorid,  Theocin,  Veronal, 
and  Radium,  besides  much  new  matter  to  the  section  on  Radiotherapy.  The 
numerous  changes  in  name  or  strength  of  various  drugs  and  preparations,  as 
called  for  by  the  new  Pharmacopeia,  have  also  been  made.  The  work  includes 
the  following  sections  :  Physiologic  Action  of  Drugs ;  Drugs ;  Remedial  Measures 
other  than  Drugs  ;  Applied  Therapeutics  ;  Incompatibility  in  Prescriptions  ;  Table 
of  Doses ;  Index  of  Drugs ;  and  Index  of  Diseases ;  the  treatment  being  eluci- 
dated by  more  than  two  hundred  formulae. 


OPINIONS  OF  THE  MEDICAL  PRESS 


Univerttty  Medical  Magazine 

"  The  author  has  faithfully  presented  modem  therapeutics  in  a  comprehensive  work  .  .  . 
and  it  will  be  found  a  reliable  guide  and  sufficiently  comprehensive  for  the  physiciaa  ii 
practice." 

Briftol  Medico-Chirur^cal  Journal.  Bristol 

"This  addition  to  the  numerous  works  on  Therapeutics  is  distinctly  a  good  one.  ...  It 
is  to  be  recommended  as  being  systematic,  clear,  concise,  very  fairly  up  to  date,  and  carefully 
indexed." 


Monro's  Manual  of  Medicine  Recently  issued 

Manual  of  Medicine.  By  Thomas  Kirkpatrick  Monro,  M.  A.,  M.  D., 
Fellow  of,  and  Examiner  to,  the  Faculty  of  Physicians  and  Surgeons, 
England  ;  Glasgow  Physician  to  Glasgow  Royal  Infirmary.  Glasgow,  etc 
Octavo  volume  of  901  pages,  illustrated.     Cloth.  $5.00  net. 


Hatcher  and  Sollmann's 
Materia  Medica 

A  Text-Book  of  Materia  Medica;  including  Laboratory- Exercises 
in  the  Histologic  and  Chemic  Kxaminatioii  of  Drugs.  Ky  Robert  A. 
Hatcher.  Pii.G..  M.  D.,  of  Cornell  University  Medical  School.  New 
York  City ;  and  Torai.d  Soli.mann.  M.D,,  of  the  Western  Reserve  Uni- 
versity. Cleveland,  Ohio,    i2mo  of  41 1  pages.    Flex,  leather,  J 2. 00  net. 

RECENTLY   ISSUED-A   NEW   WORK 

This  work  is  a  practical  lexi-book,  treating  the  subject  by  actual  experimental 


JotBuI  of  Ac  American  Medical  Anociktion 

"  'The  book  is  well  wriiien.  the  tiassific.iiions  are  good,  and  the  book  is  lo  be  recommended 
V  a  practical  guide  in  the  laboratory  study  of  maieria  medica." 


Eichhorst's  Practice 

A  Text-Book  of   the    Practice   of   Medicine.     By    Dr.   Hermann 

EicHHORST.  University  of  Zurich.  Translated  and  edited  by  Augus- 
tus A.  Eshker,  M.  D.,  Professor  of  Clinical  Medicine.  Philadelphia 
Polyclinic,  Two  octavos  of  600  pages  each,  with  over  150  illustra- 
tiona.     Per  set :  Cloth,  g5.oo  net ;  Sheep  or  Half  Morocco,  87.50  net 

of  Johni  HopUtu  Hof  pltal 


Bridge  on  Tuberculosis 

Tuberculosis.     By  Norman  Rrid(5e.  A.  M..  M,D..  Emeritus  Pro- 
fessor of  Medicine   in   Rush    Medical    CollepL'.  in   affiliation   with    the 
University   of   Chicago.        i2mo   of    302    pages,    iMustratctl.     Cloth, 
f  1.50  net. 
Modical  Newt.  New  York 
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Thornton's   Dose-Book 

Dose-Book  and  Manual  of  Prescription-Writing.  By  E.  Q.  Thorn- 
ton, M.  D..  Assistant  Professor  of  Materia  Medica,  Jefferson  Medical 
College,  Pliila.  Post-octavo,  392  pages,  illustrated.  Flexible  Leather, 
S2.00  net. 
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Dr.  Thomion.  in  making 
ihe  new  (1905)  Pharmacopeia 
have  been  introduced  to  the  ni 
pounds,  and  vegetable  drugs, 
I'oisons  and  iheir  antidotes  ha 


his  revision,  has  brought  his  book  in  accord  wU 
Throughout  the  entire  work  numerous  references 
*er  curative  sera,  organic  extracts,  synthclit  coin- 
To  the  .'\ppendix.  chnpters  upon  Synonyms  and 
e  been  added,  thus  increasing  its  value  as  a  book  g 
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Lusk  on   Nutrition 

Elements  of  the  Science  of  Nutrition.     By  Graham  Lusk,  M.  I 
Professor  of  Physiology  in  the  University  and  BcUevue  Hospital  Mc< 
College.     Octavo  of  325  pages. 

JUST  READY 

This  practical  work  deals  with  ihc  subject  of  niiirition  from  a  scientitic  nand-^ 
point,  and  will  be  useful  to  the  dietitian  as  well  as  ihe  clinical  physician.      Lull- 
oratory  methods  are  the  foundation   ol  the  successful  application  of  dietetic*.  KoA 

this  work  gives  just  the  infnrmalion  needed. 


Mathews'  How  to  Succeed  in  Practice 

How  to  Succeed  In  the  Practice  of  Medicine.  By  JasHrit  ', 
^L\THF:\vs,  M.  D.,  LL.D.,  President  American  Medical  Assodati- 
l898-'99.     i2mo  of  315  pages,  illustrated.     Cloth,  §1.50  net. 


THE  PRACTICE   OF  MEDICINE. 

Gould    and   Pyle's 
Curiosities  of  Medicine 


Anomalies  and  Curiosities  of  Medicine.  By  Geijrge  M.  Gould, 
M.  D..  and  Walter  L.  Pvl£,  M.  D.  An  encyclopedic  collection  of 
rare  and  extraordinary  cases  and  of  the  most  striking  instances  of 
abnormality  in  all  branches  of  Medicine  and  Surgery,  derived  from  an 
exhaustive  research  of  medical  literature  from  its  origin  to  the  present 
day.  abstracted,  classified,  annotated,  and  indexed.  Handsome  oct.ivo 
volume  of  968  pages,  295  engravings,  and  12  full-page  plates. 

Popular  Edition  i  Cloth,  I3.00  net  ;  Sheep  or  HkII  Morocco.  M-OO  art. 

As  a  complete  and  authoritative  Book  of  Reference  this  work  will  be  of  value 
not  only  to  members  of  the  medical  pn>fessir)n,  but  lo  all  persons  interested  in 
general  scientific,  sociologic,  and  medicolegal  topics  ;  in  fact,  the  absence  of  any 
complete  work  upon  the  subject  makes  this  volume  one  of  the  most  important 
literary  innovations  of  the  day. 

Tlie  Lancet,  London 

"  Ttie  book  is  a  muimmem  of  untiring  energy,  keen  discrimination,  and  enidilian,  ,  ,  . 
Wc  heartily  recommpna  il  !o  the  proression,  ' 
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Saundei^'  Poclcet  Medical  Formulary.  By  William  M.  Powell, 
M.  D..  author  of  "  Essentials  of  Diseases  of  Children  ";  Member  of 
Philadelphia  Pathological  Society.  Containing  1S31  formulas  from  the 
best-known  authorities.  Witii  an  Appendix  containing  Po.sological 
Table,  Formulas  and  Doses  for  Hypodermic  Medication,  Poisons  and 
their  Antidotes,  Diameters  of  the  Female  Pelvis  and  Fetal  Head, 
Obstetrical  Table,  Diet-list.  Materials  and  Drugs  used  in  Antiseptic 
Surgery.  Treatment  of  Asphyxia  from  Drowning,  Surgical  Remem- 
brancer, Tables  of  Inconipatibles.  Eruptive  Fevers,  etc..  etc.  In  flex- 
ible morocco,  with  side  index,  wallet,  and  flap.     Si-75  net 

Jehni  Hopkini  HoipUal  Bulletin 

"  Arranged  in  sucli  a  way  as  lo  m.ike  consutuiion  of  il  ai  ea»  as  passible.  It  is  rcmaik- 
«bte  how  macb  infoTmation  Ihe  author  ba*  iucceedcd  in  {etling  into  bo  inuU  a  book." 
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Sollmann's  Pharmacology 

Including  Therapeutics,  Materia  Me<Uca,  Pharmacy, 
Prescription -writing.  Toxicology,  etc. 


A  Text-Book  of    PharmacoloKy.     By  Torald  Sollmasn.  M.  D., 

Professor  of  Pharmacology  and  Materia  Mcdica,  Medical  Department 
of  Western  Rc-scrve  University,  Clev^-land,  Ohio.  Handsome  octavo 
volume  of  1070  pages,  fully  illustrated.     Cloth,  S400  net 

JUST  ISSUED-NCW  (24)  EDITION 

Because  of  the  radical  alieraiions  which  have  been  made  in  the  new  (190;) 
Pharmacopeia,  it  was  f»uncl  necessary  lo  reset  this  book  entirely.  The  author 
bases  the  stutly  of  therapeulics  on  a  sysiematic  knowledge  of  the  nature  and 
properties  of  drugs,  and  thus  brings  out  forcibly  the  intimate  rela.tton  between 
pharmacology  and  practical  medicine. 

J.  F.  rMherin^hom,  M.  D. 
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Butler's   Materia   Medica 

Therapeutics,  and  Pharmacology 


3 


A  Text-Book  of  Materia  jVledica,  Therapeutics,  and  Pharmacology. 

By  George  F.  Blttler,  Ph.  G.,  M.  D..  Associate  Professor  of  Tlicta- 
peutics,  College  of  Physicians  and  Surgeons.  Chicago.  Revised  by 
Smith  Ely  Jelliffe,  M.  D.,  Professor  of  Pharmacognosy.  Columbu 
University-.     Octavo  of  694  pages,  illustrated.     Cloth,  f^.QO  net;  Half 

Morocco,  85. 00  net. 

JUST  ISSUED- NEW  (Jthl  EDITION 
Adapted  to  the  New  ( 1905)  PhamiacopeiB 

For  this  fifth  edition  Dr.  Uutler's  Icxibook  has  been  entirely  r 
written,  and  reset.      -All  obsolete  matter  has  been  eliminated,  .md  special 
tion  has  been  yiven  to  the  toxicologic  and  therapeutic  etfecls  of  the  newer 
pounds,      A  classification  has  been  adopted  which  groups  together  those  i 
the  predominant  action  of  which  is  on  one  system  of  oigans. 

Madical  tt«cord.  New  York 

"  Nolliing  has  been  omilleil  by  the  author  wti 
pteleness  of  t\ie  text,  anA  \\ve  s\Mfl*WQi  BsntnA  vaOis  \% 
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mod  kindrrd  xicncrs,    »r,i     .i    .  . :  ■  ■  .\i:\.     Flexible   lealher.  wllh   gold  tiif^ti, 

li.oa  Bci:  vilb  iburob  lulei,  Ixi^  net 

"T  cu  ncomnind  1i  u>  av  Hnknu  oKlioat  itMoc.'-J.  H.  HollsDil.  M.  D.,  •f  III'  >#">■>■ 
JIMiai/  CV'ir'.  fkil-uUrj'lu*. 

^^erordt*  1  Medical  Diagno^.    rowtb  Cdiiioii,  lUviMid 

McnicAi.  niAGN.isls.  Bjr  D»  OiWulEi  ViEKORi.T.  rrofessor  of  Medicine,  Uni*«- 
■If  of  Heidelberg.  Tmulmed  fmrn  ihe  liFth  enlarged  German  edition  by  KKA^CIS 
H.  STt-AKT,  A.  M..  M.  D.  Ociavo,  603  p.ges,  u^  wood  cuii.  Cloth.  «4.oa  nei ; 
$b«p  or  Hdf  Morocco,  {5.00  nel. 
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EssEvnALS  OP  Diagnosis.  By  S.  Sous-Cohen,  M.  D.,  Seniiit  AsmbIbdI  ProTesaor 
in  Oiniol  Medicine.  Jefferson  Medical  College.  Phila,  ;  and  A.  A.  E-iHNFK,  M.  D.. 
Profeisotof  Clinical  Medicine,  Philadelphm  I'oivclinic,  I'osl-oclnvo.  38a  pagei ;  55 
illiutmlions.      Cloth,  gl.oo  net.      In  SaunJ/ii    Qiii!li-'n-CompcH,i  Sirin, 

Juit  lutwd 

Morrii*  Materia  Medica  and  Therapeutici.  New  (7th)  Edition 

EssEstiALs  OF  Materia  Mbi.ica.  ^  umAi'mric-s,  and  I'msciiLPTinN-WiiniNG. 
By  Heskv  Morbis,  M.  D,,  lale  licnuii-irator  of  Ther»peulics.  JefTeraon  Medical 
ColleKC  Cbiln.      ReviiedbvW.  A.  Hasih.  ..  M.  D..  Inslmclor  in  Msteri«  Medic,  ind 

FhannacologyntCdluml.iaUniveiMix.  I  .!iiu>.  30-ii>iiges.    Cluli,  fl.Oo  ltd.  /h  SauaJfrt" 
QiuitioH-Com/<cHii  Siri.,. 
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IWUiams'  Practice  of  Medicine  Receniij'  lumd 

Essentials  of  thk  Practick  of  Mi  DUisf.  By  W.  R.  Williams.  M.D., 
fonnerl]'  Inscractor  in  Medicine  and  Lecturer  on  Hygiene,  CorDell  University ;  and 
Totor  in  Therapeutics,  Columbia  University,  N.  V.  umo  of  45"  pnge*.  illuslraled. 
tit  Saundrn'  QtuHion-Comprnd  Srriei.     Double  numl>cr,  ti.75  net. 
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Jakob  and  Eshner's  Internal  Medidae  and  Diajnosii 

Atlas  anu  Epitome  of  Imteknal  Medicine  and  Cumcxl  Diauniisis. 
Chr.  Jakiik,  or  Erlungrn.  Edited,  with  additioni,  by  A.  A.  Ea 
feuor  of  Clmka.1  Medicine,  Pliitadelphia  Polyclinic.  Vi'llti  l8a  coloicd  Hgurc*  cm 
6&  plntcs,  64  (CI I- illustrations,  359  pages  of  text.  Clolh.  (J.oo  nel.  /■  SatmJrr^ 
Han,/- Alias  Serin. 
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Keatin^'s  Life  Insurance 

How  TO  ExAMiNK  FOH  LiFB  INSURANCE.  By  the  liile  JoHN  M.  Keatjng,  U.  O.. 
El. President  of  the  AuociatioD  of  Life  Insurance  Medical  Direclots,     Royal  octavo, 

211  pages.     With  mimerous  11  lustra  lions.      Cloth,  Ja.oo  nel 
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Cormn's  Physical  IKaffnosis.    tliird  cation.  Reviied 

EsSENTtALS  OF  rHVilCAl.  DuC-i.)SIS  0¥  Tllf.  TH"SA\.  By  A.  M-  CORWW.  A-  M., 
M.  D.,  professor  of  I'hysical  [>iiignosis.  College  of  Phy&icians  and  fiurgcaiu,  Chicacot 
S20  pages,  illustrated.     Clolb,  Qeiible  covers,  >t.25  net. 
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A  M^vuAL  Of  THE  pHAi-fiCE  OF  Mkiucinf,  By -A.  A.  Stevess.  a.  M.,  M  n„ 
Profe»or  of  Patliolc^,  Womnn's  M«dkal  Collie.  Phils.  Specially  inlcnded  foe 
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